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The onginal object of thia work was to describe the ali'iictura 
of Arthur's Seat und the Pentland Hills ; but as it seeroed desir- 
able to shew the connections of these with the formations of the 
adjoining country, a geological sketch of the district between the 
Oehil and the Lammermuir Hilla, constituting the lower basin of i 
the Forth, was prepared and is inserted. 

To the description of the rocks has been added a brief account | 
of the older and newer alluvium j and a summary of the evidenO' 
from which a rise in the bed of the Firth of Forth has been in- 
ferred. Since this part of the work was written, an excellent me- 
moir on the subject has been published in the Edinburgh Philo-' 
Bophical Journal by Mr Smith of Jordanhill, of which 1 would' 
have been happy to avail myself of it had it appeared a little 
earlier. Mr David Milne, advocate, read, in tlie lloyaL Society, 
lut winter, two able papers on the Mid -Lothian coal-field, and the 
superficial deposits of the basin of the Forth, from both nf which, 
had they been printed, I would have derived much valuable in- 
fonnation. Owing to indisposition I was not present when the 
former was submitted to the Society, and tliough I heard the lat- 
ter read, I did not consider myself entitled to make use of Mr 
Milne's researches before he had given them to the public. My 
remarks on these deposits were written in the amnmer of 1837. 
and have only received some small additions and corrections front' | 
observations of my own subsequently made. 

Mr R. J. H. Cunningham has published, in the Memoirs of Iha i 
Wernerian Society, an elaborate paper on the Geology of th* | 
Liilhiaos, for which he received a prize. Besides adding greatly 



to our knowledge of the extent and limits of the different forma, 
tions, by hie carefully prepared map, Mr Cunningham has thrown 
out many original snd Taluable remarks, and has given beautiful 
and accurate aections of some of the most interesting geological 
phenomena in the district. I did not see his memoir till the last 
sheets of this work were in the press, and I do not think it neces- 
sary to advert to the differences between his descriptions of the 
rocks and mine. They are to a great extent differences of method 
and arrangement, 

In extenuation of the many errors and imperfections which will 
doubtless be found in this work, I might justly plead the diffi- 
culty of the subject, and the very limited amount of information 
previously accessible. These, however, are but a part of the 
disadvantages under which I laboured. My avocations did not 
permit me to devote more than a few days of each summer to 
the necessary surveys ; and as the most ample written notes 
comprehend but a fraction of What the newly-stored memory re- 
tains, it happened, unavoidably, that much of the information 
collected in one season was forgotten before the next arrived, and 
research^, which might have been completed in three or four 
months, were estended over seven years, to the prejudice, no 
doubt, of their accuracy and consistency. The composition of 
tlie work has also been executed by short snatches, and amidst 
continual interruptions. If I were to say, that it has been as 
often dropped and resumed as it contains pages, I would not over- 
step the truth. 

Though many of the descriptions pven will have little interest 
except to pmfesEed geologists, my aim throughout has been to 
render the work intelligible to persons who have never studied 
the science, and various details and illuslrations have been intro- 
duced for this purpose. 

I am indebted to Mr Jardine, civil engineer, and Mr Bald, 
mining engineer, for several valuable communications ; but my 
greatest obligations are to Prolessor Jameson, and his nephew 



Mr William .fameson, assistant-surgeon in the service of the EobI I 
India Company. AU who have examined the porphyries of the 
Pentlands are awaro of the perplexing variety of aspects they 
assume, of the difficulty of diacrirr.inating the species, and even, 
in some cases, of separating the igneous rocks from the sedimen- 
tary. The Professor, witii his usual kindness to an old pupil* 
most obligingly resolved my doubta as often as I applied to himj | 
and, when delicacy forbade me to encroach too far on his time, 
I was generally assisted by his nephew, who has rendered him- 
self a most accomplished geologist and naturalist, at an early age, 
by enthusiastic study. 1 must not, however, make my friendly 
instructor responsible for errors which are mine, I was obliged 
to rely on my own ju4gment in many cases; and even when 
guided by the ProfesBor's superior skill, the descriptive language* I 
employed being ray own, no doubt sometimes involves ir 
and mistakes. 

The theoretical view of the stmctnre of Arthur's Seat ii 
stantially the same with that which 1 published about five yeanf- I 
ago, in a series of articles in the Scotsman newspaper. The de-* I 
scriptive part, which was then very faulty, will I hope now b* I 
found correct. 

Some will blame me for indulging so much in speculation. I' ] 
can only plead in my defence, that geological researches would fet' 
uninteresting to those who conduct them, and still more to those 
who read the results, if they were confined to a detail of fects, 
and separated from the study of causes. To this study, the 
science, it may be truly said, constantly invites, and though many 
of the processes which Nature employs still remain mysterieay ] 
enough is known respecting the origin of the igneous and sedi-' ' 
mentary rocks, to afford elucidations and suggestions which the 
reader generally moulds into theories for himself, if the writer, 
who ought to be better informed, does not take the tMk out of 
his hands. In geological books, it is rather the abuse than the 
use of speculations which should be guarded against. Hypothe- 



ses founded on gratuitous assumptione, BUch as Burnet's eentnl. 
ab^ss of waters, or Wliiaton's shock of a comet, serve only tg 
divert men's minda from the legitimate paths of investigation, buS 
theoriee whidi take their departure from admitted facta or prind- 
ples, such as the originally fused state of the igneous rocks, tlw 
gradual deposition of the eedimentary, the dieturbing influenott 
of upheaving forces, and the denuding action of water — sueb' 
theories, followed out with moderation, and proposed as conjee, 
tural or probable explBJiations of phenomena, of which we hava 
not a full and perfect knowledge, are not only admissible, bob 
advantageous. They afford incentives to study, by bestowing an' 
interest on details which would otherwise he intolerably dry, audi 
become clues to minute and accurate observation, by indicating! 
the points to which inquhyand research should be directed. 

I have explained, at p. G9i the motives which led me to intrtK 
duce the term ''calciferous sandstones." It was not done frgin 
any love of innovation. On the contrary, I was most ansioua to 
adhere to the nomenclature of the English geologists, but could- 
not contrive any means of reconciling it with the order in whii^ 
the formations present themselvea in this part of the country. If. 
the conglomerates of the Pentlands could have been transferred! 
to another class, such as Mr Murchison's " Silurians," the wordi 
" ColciferouB and Red Sandstones " would have better expressed, 
the idea 1 wished to convey, namely, that these rocks blended^ 
the characters of the Mountain Limestone and old Red fiandstoiut 
of the English geologists ; but I liad no authority to make sucb> 
a transference of the conglomerates. As the classification I haT» 
adopted does not satisfy myself, I caimot expect that it will satisfy 
others. 1 wish it, however, to he distinctly understood, that il 
is not proposed for general acceptance, but merely as a temporai^w 
expedient to elude difficulties wiiich 1 was unable to solve, i 
I shall most cheerfully adopt any better arrangement whit^ 
may bring forward. ^ 
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EXPLANATIONS RESPECTING THE MAPS AND 

SECTIONS. 



MAP OF ARTHUR'S BEAT. 

In the Map of Arthur's 8eat,akejto the colours sUoulci have heanj 
Inserted. The following will supply its place. 

Thf Blot indicates Sandstone and Shale. 

The Green, Trap, vis. Basalt, Greenstone, Amygdaloid, and For-I 
phyritio Trap. 

The Crinim, Trap-tuif. 

MAP OP THE LOWER BASIN OF THE FORTH. 

Thia map U borrowed A^m Dr MocCiiUoch's Geological Map of 
Scotland, with a few alterations, some of whiuli oru derived frum mj 
own inqniries, and for others I ajn indebted to Mr Robert Bald, Sir 
Jardine, and Mr Liuidalo. 

The heavy black line denotes the nppor thick bed of limestone, 
whioli I have assumed as the lower limit of the " Con! Meaantes." 
Its position ia known at many parts, bnt at othera is laid down from 
ounjocture. The small scale of the map, and the limited cxteat of 
mj researches in the district generaUy,fi)rlnule any attempt at minute 
acmiracy. 

All the sandstone and shale below this limestone are rcferrtd to 
the class of " Calcifcrous Sandstones," till we come to the congkimo- 
iBte seen in the Pentlands, or the breccia seen on the north side of 
the Ochils. I have no doubt that Boine portions of thia breccia i-xist 
also on the south side of the Ochils, but I have not attempted to hiy 
them down, as my examination of the hills was limited to ooe or two 

The parts coloured green mark local tracts, where the trap rocko 
dboHBii i but the reader must be on his gnord against supposing tliiit 
they occnpythe whole surface, — sandstone and shale being invariahiy 
mixed with thorn, and often greatly exceeding tlte trap in quantity. 
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EXPLANATION OP MAPS ANu ofcCTIOKS. 



The smaller ecale of ttie map compelled me in several jiIocps to unite i 
trap areua wliich Dr MacCulloch has divided. 

The portiott of the Fife Coal Measures, oxtending from Culross 
&t Andrew's, might have been referred to the Calriferons SandstoueB 
■with perliaps equal proprietj, the trap having everjTshere forced up 
llie inferior beds to the surface, as explained at page 103, 

I havo attempted to discriminatQ the Traps from the Porphfriea^ 
which are blended in Dr Ma^Culloch's map ; but, eiicept in the Peal 
lands, the boundaries I have assigned are in a great 

The oneveii lino >, y, s, iudicatcB a largo greenstone Toin, exUBcU] 
ing from Edinburgh to Eha vicinity of Aberlady. Reference ii 
la it at pages 27 end flC. 

The basU of the plan of colouring adopted was this : — The Coal 
Measures were distinguished by the hiackish-brown tint which is ge- 
nerally appropriated to tliie group of rocks in the English geological 
maps ; and a blue tint was given to the formation below, because it 
correspouda in position, and partly in character, with the Mountain 
Limestone, which is generally so coloured in the maps alluded to. 
The other colours, yelloW, brown, pink, and green, were selected on 
the principle of contrast. 







MAP OF PENTLAND HILLS. 



The topography of this map is founded on that of Mr Knox, t 
fTTvut accuracy of which, bo iar as regards the hills, I can bear 
iDony. The geological part is entirely the ros'ilt of my own obserra- ' 
tions. 1 liuvu bestowed considerable pains in tracing the boundariei 
of the difierenC formations, but it is scarcely necessary to say, that 
where Bo much of the surface is covered with turf or gravel, minute 
■ccnracr is impossible. 
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SECTIONS I. II. III. IV. 



^^Theiic eections are coloured, and the small cross-lined spaces de- 
note beds or masses of tn^i. These beds ,ire figured aa of limited 
depth, becauae we kuuw them to be so in many instances, but tha 
reader must not suppose that this boldn true in all cases, or that the 
depth atiewa in the drawing, is meant to represent their ocloal d^ptb ' 
In nature, which rarely cooies witbiiu our knowledge. 
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EXPLANATION OF MAPS AND SECTIONS. XV 

The length and height of the sections being on very different scales, 
all the inclinations are represented as much higher than they aro 
in nature. 

The heavy black line in these sections also indicates the upper 
thick bed of limestone. 

SECTIONS V. VL VII. VIII. IX. X. XI. 

These sections extend across the Fentland Hills^ along the lines 
indicated by corresponding numbers on the map. The rocks being 
named underneath, and otherwise distinguished by engraved charac- 
ters, it has not been thought necessary to employ colours. 

In Section XI. there is an error resulting from an oversight, which 
is corrected in a Note at the end of the work. 



It is convenient to express the magnitude of erratic blocks, or 
boulders, in some cases by their weight instead of their bulk. The 
rule I use for this purpose is, to reckon a cubic yard of rock equal 
to two tons in weight, which is nearly correct. 

Young geologists will also find the following rule convenient. If 
the breadth of inclined strata is measured across their outcrop, at right 
angles to the direction, their true thickness will be equal to l-12th 
of their apparent thickness for every d"* of inclination. Thus, sup- 
pose we find a mass of strata to measure 1200 feet across — ^if the 
dip is 5% the thickness will be l-12th, or 100 feet ; if the dip is 10*, 
it will be 2^I2ths, or I^th, or 200 feet ; if the dip is 15% it will be 
l-4th, or 300 feet ; if the dip is 20% it wiU be I-3d, or 400 feet, and 
so on. Or it may be put thus — ^' divide 60 by the dip, and you ob- 
tain the fitbction which expresses the thickness." The rule is not 
quite correct when the dip exceede 46% but it is sufficiently so for 
geological purposes. 
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A SKETCH, &c. 



BEOLOGY of ARTHUlfS SEAT. 

Akthub's Seat is an isolated hill, rising abruptly from a level 
country) to the height of 820 feet ahove the sea, with a bold craggy 
outline ; and for grandeur and picturcBmie effect, is worth all the 
temples and monuments of London and Paris put together. It is 
so near Edinburgh, that it may be aaid to be in contact with the 
eastern parts of it. The lower portion of the hill is chiefly of sand- 
stone ; the upper is entirely of trap, that is, of rocks of volcanic or 
igneous origin, of which the familiar name in tliis country is wkin- 
»tone. Salisbury Crags and Arthur's Seat form properly only one 
hill, and I shall describe them as such, though I may on Eome occa- 
sions spealc of them separately. For the sake of reference, however, 
it is indispensable to give names to tbeir more prominent parts, and 
where these do not already exist, I bave taken the liberty to invent 
new ones. Ab this work may pass into the hands of persons in dis- 
tant parts of Scotland and England, I must also go into details which 
readers in this district may consider superfluous. 

The figure preflxed is a map or ground plan of the hill ; and 
includes a space about one mile in lengtlifromoast to west, and three 
quarters of a mile in breadth from south to north. An ioch of length 
corresponds nearly to 1000 feet. Tlie heavy black lines denote the 
edges or outcrop of beds of greenstone or basalt. 



c, St Leonard's Hill. 
F F, Salisbury Crag. 

G, The Hunting Bog, a swampy hollow separating the Crags 
from Arthur's Seat. 

A, The Jper or summit of the hill, 

B, The IfoTth Limb of the hill. 
C D, The South Limb. 
E, A small prominent rock called Duntapy, which has a marrii ' 

on its west side. 
H, Duddingston Loch. 
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1,2, 3, 4> St Leonard'E Crag, ruDiiiiig in a winding directloii 
fram tbc Dumbie House near c, to tbe coltironar rocks called 
Samaoa'a Ribs, at 4. The rock at 1, towards St John's 
Hill, though detached from this, is a portion of the some 
bed. The height of Sc Leonard's Crag above the sea, is 
about 2GCI fcBt at 2 ; it Ie 300 feet at 3, (the Echoing Soch,) 
uid 350 at the top of Simeon's Bibt. a. Is the site of the 
steam-engine, antl tenmuation of tfas Dalkeith Railway . 

5, 6i 7, Salisbury Crag, about 570 feet above tlie sea at its west- 
em and highest point S, and about 330 feet at its Eouthern 
tenniDation, near 7. The short black lino at H, is the green- 
stone vein, which was the sulyect of much controversy be- 
tween the Huttonians and Wonierians about twenty years 
ago. 

8, 0, Two mBHses of greenstone, different from the grecnetouc of 
Salisbury Crag on which they rest. 

10, An old suidstonc quarry. 

11, Large greenstone boulders marked X, scattered over the sur- 
fa.ce. Some are found at G, and farther southward, 

\2, A small detached rock. It is a portion of the Crag \S, ]-!, 16, 

13, The site of St Anthony's WcU. b. The ruined chapel. 

16, 17, Bog Crag, so named from being nearest to the Hunting 
Bog. 

13,14, 15, WeUCrag, from the spring called St Anthony's Well, 
(13,) at its north end. 

18, 19, 20, A bed of blue basalt resting on traptuff. 

21, 22, A bed of reddish basalt, divided from the last by a bed uf 
amygdaloid from two yards to ten in thickness. 

33, 24, A third bed of basalt, of a greenish-blue colour, passing 
into red in its upper part. 

25, 26, A bed of amygdaloida! trap iiorpliyry. 

27> 28, Another bed of araygdaloidal trap porphyry. 

The five last-named beds conatitute the north limb of the hill, the 
highest part of nhich is about 570 feet above the sea. The 
three woatmost, marked by black lines, I call St Anthony's 
Crags, No. 1, 2, 3. 

29.30, The.^77ej-oriumiiiit A, consisting of an oTftl.shapcd mass 
of columnar basalt. 

31, 32, Girnal Crag, tho south end of whioli is waahed by Dud- 
dingston Loch. The footpath passes through an opening 
in ^lii rock, between 31 and 32, called Windy go wl. 1 con- 
sider Gimal Crag ai a continuation oj Bog Crag, marked 
16, 17, on the opposite side of the hill. 

33, Loch Crag, (so 1 name it,) parallel to Giraal Crag, and about 

300 feet eastward, tt seems a continuation of Welt Crag, 
marked 13, 14, 15, on the north sido of the hill. 

34, A sliglitly marked crag of amygdaloid, which si 
of beds of Ibe north limb B. 





T).. A lai'g'e bed of porphyrilic basalt, forming what may be called 
the aoutk-eaal limb otthe hill. 

3.5, Abedof porphjritic basalt under Daddingstoii Churchyard. 

The souffiliiab C, theportionsof ihehillaiuTounding theopezA, 
and a thick bed lying under tho crag 18, 19,^0, arc of traptuff. The 
bed D covers this traptuff as a cap. 

E, Duusapy hill seems a detached portion of the three eastmort 
beds of the north limb B, as. indicated by the dotted lines. 

The relatiTQ positions of these rocks, however, will be better un- 
derstood from the Sfvlion No. I,, which correBpouds to the line c d 
on the map, and represents the interior of the hUl, as it would be 
seen if laid-open by a vertical section. 

In this section, the greenstone and basalt and porphyn^ are marked 
by cross lines at right angles to the plane of the beds ; the sandstone 
and shale by parallel lines in the direction of the beds ; the arayg- 
rialoids by crQ?3 lines and dots ; atid the traptuff by dots. But, to 
prevent mistakes, letters of reference are placed below, viz — 
s, sandstone and shalo; p, greenstone; (, traptuff ; p, porphyryj 
bn, basalt ; am, amjgdaloid- 

PlGCBE I. 



DESCRIPTION tyP TBE HOCKS. 

(1, St Leonard's Crag. — This is -well exposed at Heriot's Mount. 
It is a blue porphjritic greenstone, with embedded crystals of fel- 
apar, and grains or crystals of augite, which present themselves u 
small angidar black spots. This rock has sandstone above it at 
some parts, but at others is bare ; and it rest^ on sandstone and 
shale. The greenstone is about Btteen feet thick at Heriot's Mount. 
It is blue in the middle ; but assumes a brown and earthy appear- 
ance both above and below. The rocks here dip to the east at an 
angle of 15° or 30° ; farther on towards the hill, (at ainthamap,') 
they dip to the north ; at 3, the Kchoing Rock, they dip to tbe 
north-east : and at 4, Samson's Ribs, they swell out to a thickness 
of 80 or 100 feet, retaining the notth-east dip. This rock passes 
under the Crags and Arthur's Seat. Specimens from the founda- 
tion of the house built close to the stile at St Leonard's, within tbo 
coal depot, leave no doubt on my mind that the rocks at Heriot*! 
Mount and the Shepherd's House are tha same bed with those sf 



b, Salitbury Crag is a greenstone of the ordinary compasitioii. 
eonsiBting of lUrk greeu augite and whitish felspar ; il is rather 
flne'grained, and contains a very few scattered crystals of felspar 

[ and grains of pyrites. It forms a fine bold precipice SO feet 
J 'tbickat 6, but tbins off towards its south extremity, (Tin the map.) 
\ "Where it approaches tiio snndsitone on nhich it rests, it itivariably 
liloaes its crystalline texture, and becomes red and earthy. Thedis- 
[ eoloratlon extends about three feet from the junction. Tlie bluish- 
I jprey colour of the greenstone iirst becomes paler ) it next assumes 
h« brown tint ; and at the jiinclion the brown deepens into a brick 
^led, and the rock becomes compact. The sandstone is equally af- 
fected, becoming harder, and changing its white colour lo red. The 
two rocks, in fact, are so a«sinulated at the junction, that it is diffi- 
cult, in some cases, to trace the line of separation, or distinguish the 
one from the other. The general dip of the crag, and the sandstone 
above and below it, is to the east. 

Salisbury Crag is divided from St Leonard's by strata of sand- 
stone, shale, and clay ironstone, probably 300 feet thick, occupying 
the space from a to 5 in the section. They are covered by debris, 
consisting of fragments of the greenstone ; but the upper beds may 
be seen on the path at the foot of the crag, and the lower in the 

?uarries behind the Dumbie House, or in the garden of that house. 
t is not probable that any bud of trap etists between a anil b. 
X, Is a mass of greenstone on thebackof thecrag, of whichlshnJt 
ipeak afterwards. 

The northern part of Salisbury Crag (FFG in the map,) is 
covered with beds of sandstone and shale, which are well exposed 
■t 5, and in the old quarry, 10. They are seen between x and c in 
the section, the hollow under c being the Hunting Bog, x. Is a mass 
of greenstone reposing on the crag, of which I shall speak after- 
wards. These beds pass under Bog Crag. They had once ex> 
tended over the whole crag, for a patch exists at the edge of the 
procipico, southward from 9 in the map. A large portion, how- 
ever, had been washed away, leaving the back of the greenstone 
exposed. 

c. Bog Crag — The lower part of this crag is a groonstone por- 
phyry, of a striking appearance . It lias a base of greenstone, which 

15 beautifully spotted with crystals of felspar. It may be seen (at 

16 in the map) nearly on a level with the Hunting Bog. It rises 
at it proceeds southward towards the qpex, and at 17 (in the map) 
it covered by another bed of greenstone, which is of a dark green 
oolonr, with less wliite felspar, but many embedded crystals of this 
mineral nearly of the colour of the hornblende. Blackish cryaiala 
or grains of auyite are also thinly distributed through il. This 
uppar rock has a considerable rcsemblauce to that of Samson's 
Kibs. Bog Crag, at its south end, form« three swells or knolls, 
tb« tops of which are probablji 150 feet above the Hunting Bog. 



The Eoathmost knoll contains a mass uf itratified traptuff, about 
sii feet tliick in its lower part. J,n^ 

I consider GiniiU Crag on thoside of the liill (31,32, in the map,) 
as a continaation of Bog Crag^. The racks havo a ulose resemblance 
in. texture and appearance, and there is a correspondence in tbeir 
position. Gimul Crag, like Bog Crag, rests on sandstone, and is 
the eastmost rock in the hill which does so. 

d. Well Crag rests on Bog Crag, and there is probably a 
aition from the one rock to the other. It ia a compact green 
uf blackish-green colour, contjuning' a fewcrystals of felspar, and 
nodules of carbonate of lime, coated with green earth. Bone de- 
scribes it as an earthy dolerite, containing much felspar. The 
catties are more numerous in the lower part, so as to give the rock 
an amygdaloidal character. On it) upper side also it passes into an 
amygdaloid, which is greenish-grej at the well, but becomes red at 
the head, apparently from the proximity of the red traptuff. 

The hollow betwist this Crag and the neit forms St Anthony's 
valley, a. beautiful sequestered glen, extending southward from the 
chapel to fbe base of the apex. 

The bed I, which separates d and e, is from 100 to 150 feet in 
thickness. It is only partially seen, in consequence of the surface 
being much covered with debris and herbage. At St Anthony's 
Well we can trace, through openings in the soil, a depth of 15 or 
20 feet of greenish-grey traptulF at the bottom of the bed ; and far- 
ther up the valley, we find the same tuff well exposal to the depth 
of 30 or 40 feet, under the blue columnar basalt e, which forms the 
nsxt rock in the series. We have thus traptuff both at the top and 
bottom of the bed. It consists of fragments, generally angular, of 
various species of trap, embedded ia a paste of the same substance 
in a decomposed or comminuted state. It is in some places loosely, 
in others firmly aggregated, and is disponed in pretty regular strata, 
which are often divided into thin laiuiuie. This rock will be more 
fully described hereafter. 

The vertical precipice on the east side of St Anthony's Chapel 
is an amygdaloid. It has a brown or reddish-grey b^c, which is 
softer than greenstone : the cells are round, and not very numerous : 
they are generally from the size of a pin-head to a hazel-nut, and 
filled with various sparry minerals, which are often coated with 
green earth. The base presents concretions of a roundish shape, 
from one or two, to six or eight inches in diameter- These are 
sometimes in contact with one another; sometimes enveloped in 
looser matter like traptuff, hut which is perhaps the same rock in a 
disintegrated state. It resembles in structure those greenstones 
where we find rounded nuclei of solid rock enveloped in concentric 
coats of the same substance : masses of some of the other traps 
of the hill are embedded in it. The basalt found in the front of 
the crag, and the displacements which have taken place in the beds 
here, indicate that this amygdaloid is most probably the prolonga- 



n of the bed ■which is found in the middle of the reddish basalt, 
r *nd above the blue columnar baaalt, farther south. 
I e/p. Are three beds of basalt, (19, 20,21, 22,^,24, in the map,) 
."which can he examined with g'reatest adiautage near the head of 
' ,tbe valley. The lowest, e, is a. blue basalt, a. fine granular mixture 
pftTbULckaugite and white felspar. It ii in irregular columns, irom 
one to three feet in diameter. The bed is from 10 to 30 or 40 feet 
thick, and rests on the stratified traptuff. Above it is a bed of fer- 
ruginous basalt,^ of a chocolate colour, with a few red grains, con- 
,'^ting probably of decomposed augile. It is of variable thickness, 
, jnucb &sured, and in some parts imperfectly cDluranar. A bed of 
^jreddish-grey amygdaloid separates this bed from the preceding, 
1 .trhich is thin at the south end, and sometimes wanting, but swells 
rOUt to a considerable depth at the north end. Above the reddish 
I (lusalt is a bed of blue basalt, g, probably 50 feet thick. Its texture 
and colour vary considerably : the lower part is generally blue and 
I compact ; the upper has often a greenish tint, from a minute mix. 
•tnre of grains of olivine. It is usually in large irregular columns, 
from one to two yards in breadth, which seem to be composed of 
I Mies from six inches to two f«et thick, placed one upon another. 
These throe beds can be traced to the north side of the hill, but 
, with occasional interruptions. They are all composed of augite 
! -Kod felspar, and, though they sometimes assume the appearance of 

S'eeDstone, belong to the basaltic scries. The last-named basalt, 
its upper part, assumes first a grey, and then a reddish colour ; 
, -and passes into a porphyry. A, with a red hard tenacious base of 
L ^lspar,inwhieh are embedded numerous grains and distinct crystals 
, of felspar, of the same colour, or a little lighter. It also contains a 
IT crystals of a brown colour, which are probably dccotnpoaed 
I .angite. This is covered by two beds (or perhaps more) of amyg- 
^ .-diloid, I A, which are seen towards the east end of the bill. The 
iSe of these rocks is of various shades of red, brown, blue, or purple, 
id generally porphyritic, presenting a few crystals of felspar. The 
r^mygdaloidal cells seldom reach one inch in diameter: they are of 
b Jrregolar forms, but rarely angular, and sometimes so uumcrous as 
[ to occupy half the bulk of the rock. When the zeolites, calcareous 
I (pars, and other minerals which fill them, have wasted away by cx- 
' Bosure to the air, the rock resumes the appearance of what it no 
jooubt originally was, a cellular lava. 

t The horizontal space from Bog Crag, c, to the most eastern part 
Af the hill where the rock is visible, is probably about 3(H)0 feet. 
I (The general dip of tlio beds is nearly east ; that of the green por- 
\ fliyry of Bog Crag is 2S' to N. B0° £. Ehenhere it does not 
idmit of precise determination ; but if we assume the average dip 
D be 20% tbe entire thickness of the trap beds will be 1000 feet. 
Most of the bods seem to be tblckcr below than at the top or out- 
crop, and at the north end of the hill than at the south. Tlie 



arrangement of tlie rocks, as seen from the Duke's Walk, or tbt 
road to Locliend, forcibly suggests this conclusion. 

Thosnmll isolated crag (12 in tboniap,) at the north side of the 
hill, is a part of Woll Crag (13, 14, 15,) as the nature of the rock 
shows. It appears to lae that tliis small crag has been detached 
from Well Cra^, and moved into its present positioD in consequence 
of some subterranean concussion producing a. fault or dislocation, 
which has also affected the hillock supporting the ruins of St An- 
thony's Chapel ; or the change of place might result from the ero- 
sion of the aofter beds on which the roclcs rested, by the long-con- 
tinned action of a tide or current of water. The diagram below 
will render this intelligible. The view is from the north. 
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* i. The crag at iho back of the chapel, about 60 feet high. 

b. The chapel, with disturbed masses of basalt below and around 



c, The columaar basalt belon tbe chapel, in a distinct bed. 

d, A tuffaeeous amygdaloid, to be described afterwards. 
«, The small detached crag. 
J", Well Crag, of which e once formed the pxtreme northern part, 

though now broken off and separated from it. It is marked 
by dotted lines, because it is in the background, farther off 
• from the spectator. 

— A dotted line ftom the precipice A to m, marka the posiiion 

of tbe talus of gravel and soil immediately beyond bed, 
showing how the hillock projects beyond it, in consequence 
of haring slid forward. The obUque parallel lines under 
b and d do not reprssent strata, for the rock is unstratifiedi 
but indicate the general dip of the beds of the hill. 
The vertical line at i, under the precipice A, marka what I con- 
ceive to be the Srst fracture : the dislocation here is probably 60 
feet of downcast. The second is perhaps under d, and may amount 
to 30 or 40 feet more. The rock e, is 8(1 or 100 feet lower than/ 
of which it once formed a part, and advances 150 feet farther to 
the westward. It had also slid about 80 or 100 feet northward, 
leaving the open space through wliich the footpath passes. The 




motion had been downward, and tii a iiortb -west direction ; andit. 
])robahlr left vacuities under i and m, wbicli were filied up wilh 
debris and soil. Tliere are portions of two beda of basalt embeddod 
in the precipioe A i, corresponding to the two beds 6 c, under d 
chapet. 

The northern limb of the hill, to a considerable distance eastward \ 
and southward from the chapel, has also been disturbed by faults t' 
for the beds there appear broken, displaced, and in some caEes c< 
mingled, and the surface is indented by irre^lar depressions. 




n passes Ibrousli Arthur's Seat in a north-cut and 
snnth-weat direction, from a point near 3 to 27. (See the map.) 

I, The Echoing' Rock, which is a continuation of St Leonard's 
Crag, and terminates in Samson's Kibs. It rests on and is corer«d 
by sandstone. 

% The south extremity of SaJiabury Crag, near the Powder 
House. It is also covered by sandstone, a small portion of whiell 
is seen adhering to the baak of it. 

3, Thera are two or rather three portions of rock above thiti 
which seem to be remnants of beds resting conformably on No, 3. 
They are of greenstone. The first is probably the upper portion 
of Salisbury Crag ; and behind them southwanl is found a reddish 
porphyry. 

4, A vertical precipice about 80 feet high. It b of compact 
earthy greenstone, and has embedded in it masses of different 
greeustones, of all sizes up to two feet in diameter. They are 
generally angular, often crystalline in t«xture, and may be seen 
projecting in high relief from the enveloping rook, while some have 
fallen out and left vacuities. At the bottom is found a greeniill 
amygdaloid, enclosing nodules of (calcareous spar. When the ionUl 
end of this greenstone is examined, a reddish porphyry, whi^ 
covera it, is found passing round its extremity, and apparently un- 
derlying it ; and the position of the greenstone suggests the idea 
(hat thu rock is a thin vertical ma.ss like a vein. It may he such ) 
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but in the absence of precise Jata, I have placed it couforniably to 
tbe be<ls of Salisbury Ora§^B and Samaon'E Biba. 

d, A reddiab porphjrj, which cautaina fragments of otber rocki, 
and poiHes into the traptuff, 6. Its- luwer part ii of a. pale grey 
colour. 

6, 17, Tbe traptuff which covers the upper part of the hill. It 
consists of comminuted or decomposed trup, formiug a sort of paste, 
in which smaller and larger fragments ore embedded. The frag'- 
ments are generally angular, so that the rock is properly a breccia. 
It ia of two descriptions — one greenish-grey, which is lowest — the 
other red or brown, which covers it. There ia a considerable quan- 
tity of carbonate of lime diffused through the tuff. It seema toliave 
passed in by infiltration, filling the crevices and minute Tacuitiea, 
and serving partly as a cement. 

7, Tbe basalt of the r^ex or summit of the hill. It is a blue 
rock, composed of a minute mixture of augite and felspar, with a 
Saw crystEJs of felspar and grains of olivine. The upper part has 
a. red tint, from tbe oxidulated iron it contains, and presents minute 
specks of a bright red, which I believe consist of decomposed 
augite. " It is," aays Boue, " a basalt identical with many parts 
of the ancient coulees (currents of lava) of Auvergne." The in- 
ferior or blue rock is in pretty regular columns, from 1^ to 3 feet 
in diameter. The red ruck which covers it is divided into small 
concretionB by numerous fiasurcs, and presents only faint vestiges of 
tbe columnar structure. In the blue columnar rock the seams be- 
tween one row of columns and another, convey an idea of strata 
dipping to the north-east ; but this structure is undoubtedly con- 
cretionary, and does not indicate that the basalt was deposited in 
successive portions. I h^ve represented the rock as constituting & 
long prism or columnar mass, penetrating downwards through the 
inferior rocks of the hill. This, of course, is merely a conjecture 
based on facts and inferences to be stated afterwards. The hori- 
lontal length of the visible port exceeds 500 feet, the breadth is about 
400. 

8, The traptuff found on tbe east side of St Anthony's valley, 
already described. 

9, The blue, and 10, the red basalt of St -Anthony's Crags, 
divided by 2 thin bed of amygdaloid. These basalts should have 
been cross-hatched, like 11 and 1:2. Tbcy are marked e and fin 
Fig- 1. 

1 1, The upper blue basalt (jj in Fig. I,) passing into a brown 
porphyry, 12, and covered bj amygdaloids, 13, 14. 

Bog Crag and Well Crag are shown above, 15. (Sec c, d, 
Fig. I.) I assume that they advance under the traptuff, till 
Ihey are cut off by the basalt of the ^lex,- but they probably ter- 
minate where Ihey join the traptuff Cat 15 in the map.) Bog Crag, 
and Girnal Crag, which is its south extremity at tbe opposite side 
of the hill, both rest on sandstone ; and I tlierefore iiifur that the 
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I ^Mndstone extends through the base of ths hill. In this situ 
will of course be pierced by the column of basalt which c 
'tales the apex, if that coUmin reaches dotinward in the mai 
'-Itave assumed. 




Tliis secii'.^i ,..^^.iLi„ ^-L L...1 ill a norlli-wcst andsonlh- 

east direction, along tlio lirif tj in thu map. It is introduced chiefly 
to show the position of the bed of basalt /, which caps the soath- 
swt limb of the hill. It is marked D in tbe map. 

a. Salisbury Crags, the north-west side. 

b. The old sandstone quarry on the back of the crags, 

c. The Hunting Bog. 

d. The traptuff near the head of Well Crag. 

e. The apex. 
f, A large bad of porphyriiio basiUl, This rock, which is of 

bluish-black colour and crystalline aspect, contains embedded 
crystals of Labrador felspar and augjte, and grains of olivine. 
It is columnar, and the lurface on which it rests dips rapidly 
to the south-east, so that the lower part hangs, as it were, on 
the slope of the hill. The columns are of various sizes, and 
also incline to the soutli-east. Its extreme thickness is pro- 
bably 150 feet, its lengtli probably 600 feel, and its breadth 
600. It rests on the trsptuff, which is distinctly seen under 
it on all sides except the east, where there is a thick covering 
of soil. Portions of it are found on the declivity which over- 
looks Duddingstoii, adhering to the tutF, where the sarfaoe 
of the Utter descends at an angle of 40° or 50°. The bed 
g. under Duddinn:none churchyard oonsists of the same rock, 
i i, Gimal Crag and Loch Crag, which are the south extremili<^s 
of Bog Crag and Wtll Crag. I have assumed that the trap- 
tuff which covers Well Crag on the north side of the hill, 
((, Fig. I, and No. H, Fig. S,) also exists here at m, thongh 
the covering of turf conceals it. It is at least partially 
stratiUed, and in this respect differs from the overlying 
traptuff which surroimds the apex, and passes under /! 

The sandstone which occupies the space from n to i^ ap- 
pears of great extent here ; but it must Iw kept in mind, that 
the section crosses the planes of the beds between c and i at 
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very oblique angle, so that the actual thicknoaa bears a 
amdl proportion to the surface eihibitetl. The sedimenlarj 
beds, liowever, between a and d, are probablj from 150 t< 
2110 foet thick. 




This figure represenls a View of the south side of the hill, as it 
n-ould be seen b; a. spectator stationed half a mile southward. It 
is sketched, however, bypothetleally. 
a b. The eminence of which Samson's Kibs constitute the south 
face. It is of blue porpbyritjc greonstoue, containing crys- 
tals of felspar and augitc : a, the columns. The upper part 
of the rock exhibits a certain change of character. First, 
it loses its columnar structure, but retains its blue colour ; 
and next, it assumes a reddish (int. The two varieties may 
be distinguished on the top, and descend at b nearly to the 
footpalli. This eminence projects tOO feet or more from 
the body of the hiU towards the spectator. Tbo hollow be- 
hind it, indicates that the bed dips to the north-east or north- 

(, The crag of compact greenstone 80 feet higli, above the Ponder 
House I. It is No. 4, in Tig. 3. 

d, A bed of porphyry (marked S in Fig. 3,) It is of a dark 
lirown colour towards i, but changes gradually to a brick 
red as wo proceed eastward : it is then found to envelope a 
few fragments of other rocks, whleh become more numerous 
till at lost it passes into the traptuff e/. This porphyry can 
be traced over the head of the crag c, and it seems to descend 
to Samson's hillock, though a covering of soil conceals the , 
junction. It contains long -crystals of felspar, with small 
rod gruns probably of decomposed augite, and a few round > 
cavities filled with spar. 

ef. The bed of traptuff which constitutes the principal mass of;' 
the south limb of the hill. It is perhaps 400 f^et thick, or , 



more. Its lower viEibie marg^in ii marked by the uneven 
■haded line parsing eastwiird from d ; but a portion projects 
downward from the mass at g, and another is seen protruding' 
through the soil at k. As a small part of it is also found 
resting on the greenstone near b, I conclude that it occupies 
the whole or grealer part of the surface between d and g. 
From the manner in wbicli it meets the greenstone crags o 
and q,\t seems probable that the process g, with the detached 
masses A, i, and k, which are all similar, are merely adhering 
to the sandstone or other beds nhich form the base of the 
hill, though the surface declines at these places at an angle 
of 45° or 50°. Between d and g, the trapluff ia divided by 
parallel rents, so as to form tabular masses from two to four 
feet thick, which repose conformably on the declivity, as if 
the rock here were formed of concentric layers or coats.' 
Eastward of rr, however, it aOects the form of rude imperfect 
columns. 

The composition of this traptuff, which differs widely from 
that of St Anthony's valley, can be best studied along this 
side of the bUl. It is of various shades of red or brown ; but 
the prevailing colour apprniiches to brick red. The base 
conaists of comminuled matter like fine sand or clay, with 
which is generally mixed small fragments apparently of 
all the traps in the hill, and larger embedded masses of va- 
rious sizes up to cubes of five or six feet. They are almost 
always angular. They project in bold relief when the base 
is soft i but when it is hard, they are only distinguishable 
by ttieir colour and teiture. Some of these masses are of 
sandstone: two may be seen near rf, of considerable size; 
they have changed their colour, are very hard, and have 
acquired the glimmering lustre of quartz rock, like sandstone 
embedded in trap. A larg-e proportion of the enclosed frag- 
ments here consist of a porphyry like d, on which the tuff 
reposes ; there arc also apparent fragments of Bog Crag and 
Well Crag, of Samson's Ribs, of the porphyries and amyg- 
daloida of the north limb ; t and there is one ma£S on the 
footpath at 17, which is easily recognised as belonging to the 
black porphyry m. I have seen none of the dark blue basalt 
of the apex ; but there are many grey compact fragments, 

lipeFtikfKvorttiDonoe, lbiilthede)»illiDf Upnij and Toloanlc tuffi. Id uUid 

itvGTder GeotaffiB,^. 143 And 903. 

urt La ft muB of MulBh-green poTTh-JTranB Ed tlw «il 4bov« Sunaon'i RIbi, 

flx or ill yard* broad uid Inne- It !• pwliablj dsriTsd frnm Bog Cng, Tlwi 



which may consist of the same rock allcred. Tliere are 
occmioDally pieces of limestone ; and lastly, tliere are fra^- 
meots whicli eacloae otiier fragments, that ia, pieces of an 
older tuff enclosed in a newer. 

m, Tlie hkcli.porph7ritic hualt, marlcod/'inScct. 4, and Din 
the map. It has heen alreadj described. 

n, A roclc perfectly similar to nij under Duddingston Church- 
yard. It is washed by the loch, a, small portion of which 
appears in the Figure. 

o,p, Gimal Crag, of porphyritic greeoslone, with a breacli in 
the middle, through which the footway passes. Sandstone, 
dipping at a pretty high angle, may be seen under both 
parta. Uow far it extends, I am. unable to say: its western 
boundary is tlierefore to bo considered as conjectural. The 
lower exidp, has a portion of sandstone on its back. 

g. Loch Crag, a compact g-roenstone. In its upper side it bo- 
comes a reddish amygduloidj the change being similar to 
what takes place in WeE Crag, of which I consider it a 
prolongation. * This amygdaloid passes into one of a 
bluish-grey colour, hut more cellular, and both contain much 
carbonate of lime. A few yards farther east, many btocjts 
of a white or browu splintery silicioUE limestone are found 
^ in the soil, and probably belong to a bed of thb epccics of 
' rock, which is concealed by the turf. The space between 
o and g is covered with soil and debris : I infer that it is 
occupied by a greenstone, like that which separates Well 
Craff from Bog Crag, with perhaps some sandstone, as the 
mass of tills substance ou the hock otp indicates. 

r. Portions of an otnygdaloid, in situ, present themselves on the 
acclivity, 20 or 30 yards frona the wall. The base is gene- 
rally dark and firm, the cells extremely numerous. Prom 
its position, it ought to be a prolongation of the bed which 
lies under the second basalt, in the north limb of the hill, 
(21, 22, in the map,) but it more resembles the bed 27, 28. 

», Dunaapy, (E in the map,) a hillock about 100 or 120 feet in 
height, which will be described afterwards. 

X. The apex. 
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• Tlita woa also the opinion of Boat — 







aj)t\ laken Irnm "laliabury Craj;'- 

I, The head ot Bog Crag Porpliyntic greenstone. 
b. The head of Well Crag. Compact greenstone 

c,tl,e,f. The great formation of traptuff, which surrounds [lie 

g. The apex, of columnar basaJt in apparatt beia, dipping N. E. 

A, A recess or hoUow in the envelope of traptuff, which invests 
the basalt on the south side towards/, but is vranting in the 
space from h to d. On the right of h, and above it, the 
hasalt is seen projecting a few yards beyond the mantle of 
traptuff: from thia to d, the surface is covered with debris 
or soil, oxeept at a few points where the basalt protrudes. 
From h downward thera ii a gap or deep indentation, de- 
scending to I h, about SO feet loug, which is divided into two 
at the foot by a cone of traptuff. 

Ill, A precipice of compact greenstone, 80 feet high, above the 
Powder House, (c in Fig. 5, and 4 in Fig. 3.) 

It, The red porphyry which passes into the traptuff, (d in Fig. 5.) 
A separate porUoa, apparently of the same porphyry, is seen 
on the left of n. 

II, Two portions of greenstone, apparently the remnants of one 

bed or two. They are near the south end of Salisbury 
Crag greenstone, and in a conformable position, (No. :), 
Fig. 3.) 
The pnaition of Ihpse diS'eroDi rocks will be understood from tl 
subjoined ground-plan. 




This iriii|>. or grDund-plan, eihibits the foiin of the apex PP, on 
llio horizontal plane, and the position of the traptuff FF, which sur- 
rounds it. 

a. The head of Bog Crag, as before. 
6, The head of "WeU Crag, as before. 

T, rl, A, e. The visible boundaries of the apex of basalt ; g, the 
summit. The letters c, d, h, g, e, corre^ond in positioD 
with iho same lettora in tho proueding Figure. 
^ tc, i h, p. The outer mar^ji of the Iraptull on the noFth 
and west sides ; i and k niB.rk the deep indentation noticed 
before. " 

f, The crag marked m in Fig. (i. 
», *, B, Greyish greenstones, seen at a few points. 
11, The basalts y, 10, 11, in Section 3, with the traptnff below 

A, The head of St Anthony's Talley, deeply covered with soil. 

X, An amygdaloid, into which the underlying greenstone, a, 
of Well Crag, passes. 

m and p, and w. Basalt veins : p is marked « in Fig. 6. 

It irill be seen, from this miniature map or ground-plan, that the 
traptuff invests tho basalt all round like a. sheath, except between 
t and T, a space of about 60 or 70 yards. By comparing the above 
Figure with the preceding one, and with the section Fig. 3, a com- 
plete idea will he obtaJDed of tho position of this onvelopo. That 
section passes Ihrougli the apex in the direction o, ^, A ; and t1» 
portion of traptuff marked 17 there, is that marked ( here. 
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On the north side, opposite the crag a, the envelope of traptuff 
is probably 50 yards thick. The colour is brielc.red; it has im- 
parted the same tint to the head of Well Crag', b, which is only 
four or five yards from it, and still more to the cellular amygdaloid 
X, coveriog that crag, the natural colour of which, as seen at the 
well, is a grceuish-grey. From this circumstance, I infer that the 
red traptuff once extended two or three hundred feet to the north- 
ward of its present boundary, covering all the upper end of Well 
Crag, and coating the portion < r of the basalt, which is now ex- 
posed, with only a foot or two of turf upon it. 



^: 



This rcoeas k,i, k, in Figures 6 and 7, presents some interesting 
lenomena, and seems to me to rovenl secrets of importance, in 
relation to tho structnre of the bill, and ilio mode of its formation. 
liave therefore given another View of it, a little enlarged, in the 
' loined Figure. 

Fio. 8. 



TtK" or A 
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In this View of the Recess, and adjaining parts, tile eye is 
supposed to look down at an anglo of 45°, that is, nearly at right 
angles to the declivity. On clambering up aniidst tho debris at *, 
as soon as wo come to the opening between 6 and c, we find our- 
selves standing on columns of basalt, which are of small diameter, 
but regular, and disposed across the opening', oa shown in the 
Figure. It is in fact a vein of basalt. They are also found be- 
tween a and b. Thej continue up as far as a projecting portion of 
the EBme rock A, but covered at intervals with debris ; and in other i 
cases, portions of a crumbling rock present themselves protruding 
from below, as if they formed the base on which the basalt rests. 
They are of tbe naturo of traptuff, and envelope a few small pieces j 
of the basalt. A sharp projecting ridge divides the vein into twoj 
it is continued downwards, and terminates in the cone of traptuff 6. 
The branch of the vein which passes through the opening between ] 
S and c, may be traced to k, about 20 feet ont^de of the gap. The I 
south wall of the vein, down to k, consists of traptuff, from 20 to *" 
feet high; agreat part of it is coated with fragments of the colun 
of basalt adhering to the traptuff; they sometimes present their end* I 
to the spectator, sometimes their sides. In the two breaches, how- I 
ever, between a and 6, and between 6 and c, the position of the J 
columns is rather more uniform. They lie across the vein, like th6| 
prisms of our trap dikes, and the dikes of Monte Somroa and oth^4 
volcanic cones. Tho floor of tho vein from i to /i, is very, steep, 
having an inclination probably of 50° or 55°. This summary ac- 
count seemed necessary to prepare the reader far a more detailed | 
description. 
a, Part of the wostern and northern envelope of traptuff, (m-. 

Fig. 7.) 
c. Part of the western and soutliem envelope, (between /c and p, i 

Fig. 7.) 
A, A cone of traptuSi once continuous unquestionably with a J 
and c, and still probably connected with them below. It j 
is about 30 foct high, and 25 feet broad at the base. The J 
depth of the breach or aperture between 6 and c is about '25 1 
' feet mensured from the ti^ of £, or 35 measured from the | 
:op of c. Its width at the bottom is eight or ten feet, 
s paved with basalt columns, lying on their sides. 
The length from A to A is about 100 feet ; the breadth of the I 
recess, in tlie direction a n, about 40 feet. But, esocpt at /i, the I 
basalt seems rather to have been distributed through this space in J 
several veins, occasionally communicating, than to have filled i' 
The depth of the basalt, judging from fragments adhering to 111 
traptuff walls, may have been 20 feet. 

m, n. Is another vein of basalt, which joins the first at the sout 
side of the recess. It is from Sic to ten feet broad, and can | 
ho traced for 100 fett or more upwards and southwards. 

s of columns of the blue basalt of the apex, lying I 
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^^^K transyoracl; ; iis depth must have heen at least ctg'ht or Icn 

^^^^K feet, and the columns can bo seen at some parts distinctly 

^^^^B reatiug' on tho traptuff. A small portion, however, only re- 

^^^^B mains, the outer wall of tuff which protected them heing re- 

^^^B moTed aloDg almost the whole course of the vein, and with 

^^^H it a great portion of the basalt. There is no trace of it on 

^^^V the top of the traptuffcrag, and it must therefore have hurst 

^^^^^ through sotiiewhere ahout m, hut the spot being inacccasihit, 

^^^^F cannot be examined. 

^^^HT A portion of the basalt h, is found rutiQing close along the inside 
^^^Hwtho'wall of traptuffa. It is shown in the diagram, extending 
^^^^bom s to the breach between a and £, and ilonu to t, 30 feel be- 
yond it. It sctias to pass almost vertically downward, leaving' tho 
wall of traptuffut a, not more than 10 or 12 feet thick. It becomes 
light in the coiour'aud earthy near the tuff, while the latter becomes 
hard and cpmpact, and asemnes the appearance of an earthy green- 
stone. The component parts of the tuff seem fused together, 
though not completely homogeneous in aspect, and it is pervaded 
by crystallized carbonate of lime, in threads or shining plates. The 
surface of the hardened traptuff is in some parts coated with the 
eame substance, and beautifully and regularly grooved. The grooves 
are nearly horizontal, but dcchne a little towards the opening in 
the tuff, and are exactly such as would be fomjed by tho Miction of 
masses moving in the direction «f the coulee A, i. There are others 
trans Ttrse to these, and also horizontal, showing that masses of the 
traptuEFhad moved on each other. There is a block near the en- 
trance I, two feet broad, one side of which ia basalt, and the other 
traptuff, exhibiting a trausition from one to the other, without any 
visible line of distinction. 
^^^^ o, p. Is another vein of basalt, from two to three feet broad, and 
^^^H probably 130 feet long. It is very straight, and may be 

^^^H traced tdong the steep uneven surface of the traptuff, from 

^^^H a point o, within 50 feet of tho basalt of the apex, to p, 

^^^^ft where it is lost under the debris. Its texture is not crystal- 

^^^V^ line, hut earthy, a peculiarity generally observed in narrow 

^^^H veins, the matter of which having cooled rapidly, owing to 

^^^B the smallness of its mass, was not in a condition to assume 

^^^H a crystalline arrangement. This vein is about 20 yard.^ 

^^^H northward of a gutter, cut in the soil by tho rains, near ihc 

^^^V steep path to the summit. 

^^^P q, T, About 10 yards on tho lefl of the opening i, the basalt in 

^^^ found protruding from under the traptuff, in the fonn indi- 

' cated by q, r. These two portions oocupy a horizontal 

apace of 40 or 50 feet ; below, tliey aro covered by the soil. 

and their greatest viaiblc depth is about 10 feet. There is 

an appearance of a vein above q, wiiich I have supposed to 

IS upward to^.- hut, owing to tho steepness of the escarp- 



ment, I could not fiitly e 



There is alsc^ au ap- 



^^^^1 pearanee of a small vein above r, which perbapa joins the 
^^^^H other. The tnasfi q, t, ia probably a horizontal vein, Uiat 
^^^^P ia, a portion of basait which liail penetrated through a hori- 
^^^^ zontal fissure in the traptuff, as the others, i and S, and m, n, 
' and o,p, have penetrated through vertical fissures. It is , 

analogous to the trap beds found iiitercaialud among the se- 
dimentary rocks, in a coaforniable position. When the basalt 
forced ita way through the tuff hero, it would almoat neces- 
sarily produce vertical rents ; and ono of these being filled 
witli the liquid basalt, might form the vein g,s. 
There are probably other veins which have escaped my observa- 
tion. One about a. foot broad, may be seen in the traptuff at if, 
paaaing off from the coul8e,* which descends from the recess ; and 
towards jj, in, Fig. 6, there ia a basaltic mass, apparently composed 
of a congeries of small globes of basalt, placed amidst decomposed 
matter of the same kind. It may be analogous to q, r. > There are 
also, at various parts of the west front, what have the appearance 
of veins of red traptuff in the grey. These may ho considered oa 
accidental hollows or lisaurea in tlie grey tuff filled by the red. 
e, d. Portions of the basalt of tlie apes, protruding from below 
the cover of traptuff. Specimens, taken close to the tuff, ara 
paler in the colour, and have the appearance of a compact 
earthy greenstone. This basalt, with its mantle of traptu^ 
projects 30 or 40 feet outward from the part of the surface 

■ under g. Betwixt g and h, and farther on to the left, the 
traptuff, with the outer portion of the basalt, has been re- 
moved by diluvial agency. This, however, is but a small 
part of the denudatioQ which the rocks here have under* 
gone, g, Is a portion of the basalt of the apex. 
The basalt at e, and at d too, presents a semhlauce of horizontal 
strata. This, with the aspect of the masses seen at h, shows that j 
the appearance of beds dipping to the north-eact in the apex, 
{g, Fig, 6,) does not indicate the deposition of the rock in sncoea- 
sive portions, laid one above another, but is merely conoretienary, 
depending probably on the direction in which the cooling inflnencei 
were propagated through it. Is it not probable also, that the iron- 
shot character of the upper part of the column, was an alteration 
induced after the rock was formed, by the penetration of matter iu 
a liquid or gaseous shape ? 

At (, 3 masa of sandstone, five or sis feet long, is embedded in 
the traptuff ; and at u, portions of sandstone, one or two feet broad, 
stretch upwards vertiu^ly for 30 or 40 feet, branching into two at 
the top. The sandstone has, as usual, the hardness of quartz rock. 

• Tills u-rni proparly algnllleH. q nairontof laiailowlnB from a T"lmiio in (heopiD 




Fig. 9, Is an ided vertica) section 
from h, to the heart of the apex, (g, 
Fig. 7.) 

ff. The basalt of tho apex. 

3-, !/, The mantle of trapluff. 

with the traptofi' or its south 

If the Soctiou had represented the 
vein in connexion with the traptuff on 
its north side, the latter would have 
been much thinner. I have a&sumed 
the existence of the traptuff at y, ex- 
tending far inward under the bafalt, 
though thU may admit of doubt. 

i, (Fig. 8,) we h&\e, what we seldom see, a 
n with the parent majis. We may suppose that, 
when the traptuff was deposited, an orifice or chimney existed, or 
was opened in it, and occupied tbe space where the central mass of 
basalt is now placed, {e. Fig. 4. ;) that it was filled with basalt 
still in a liquid state, a portion of which, under the pressure of a 
columh 2511 or 300 feet in height, forced a passage at h, (Fig. 9,) 
through tlio mass of traptuff, which then perhaps extended much 
Farther to the westward, and was as high as the present summit. 
The passage might be at first nearly horizontal, and perhaps as- 
sumed an inclined appearance, m consequence of the waste of the 
exterior and lower parts. The eruption would fracture and disturb 
the tuff on this side, and render it so much the more easy for tides 
or currents to sweep portions of it away, and leave the apex in the 
half^denuded state in which it now appears. All the veins are evi- 
dently ptoceasea, passing laterally through the traptuff, and not 
Assures reaching to an indofinitQ depth below. The traptuff can 
be seen under the vein mn, at some parts of its course; it also 
prqtrudes through the floor of tbe groat vein, and it distinctly un- 
derlies the lower and outer extremity at k. The appearance of the 
vein m n, suggests the idea of a narrow canal cut in the tuff, the 
outer side of which has for the greater part been broken off. 

In the traptuff on the south side of the apex, I have not observed 
a single vein ; but that mass is of great breadth, and the southeni 
escarpment, (Fig. 5,) where alone we have a good opportunity of 
examining it. is from 500 to 600 feet distant from the central column 
of the apex. Tlie liquid basalt may have pierced the traptuff on 
the west side preferably, because, being thin there, it presented less 
resistance ; or it may have sent out sicnllar veins on all sides ; but, 
lidviug penetrated only a short distance into the tuff, we Jo not see 
them, except where the uuler portions of tlio envelope have been 



The trapluff, as already observed, contains nmch carbonate of 
lime. This had parsed iuto it, poaterlar to its deposition, by slow 
and gradual in&ltriLtioi], and, along' with oxide of iron, has do doubt 
served to give it solidity, as Boue reniarka.* The pepcritcs, or 
voleanic tuifs of Auvergne, ars often agglutinated into a firm rock 
by the same means, and penetrated by dikes, or veiiis of basalt, in 
the same way. Esamples ore found in the Puy Piijiiette, ia tbe 
mountain of Gergoviu, andjCLsewhere in Auvergne. f 

Tho veins prove tliat tlie traplnff, at least the lower portion of 
it, existed before the basalt, since the walls of a vein must be older 
than the matter which they ESrve to confine. 

The traptuff seems to consist of several deposits ; the order of 
succession in the lower part is best seen in St Anthony's valley : 
we have here, 1. A greenish-grey stratified traptuff, displaying ia 
some parts a iinely laminated structure. This rests ou Well Cra^i 
and a small portion of it is seen at the well. 2. In its upper part, 
the EtraiiJicd tuff passes into a pseudo-amygdoloiii, whinti assumes 
various appearances. Sometimes it is a congeries of minute frag-- 
ments of trap, united by carbonate of lime : Eometimes it is a paste 
of decomposed or finely comminuted trap, (such as constitutes tke 
stratified tufl',) with numerous smail rounded ceils, which are filled 
with crystallized or nncrystollized carbonate of lime, and Bometiiaea 
coated with green earth. This bad apparently been formed in tke 
same way as the proper amygdaloids. It may be seen ia the pro- 
minent rack under St Anthony's Cbapel near the welli at variona 
places on the east side of St Anthony's valley, and under the apar 
on the west front of the hill, about q. Fig. 6. 3. In its upper part it 
passes into the greenish-grey stratified tuff again, whicii is w^ 
exposed under the blue basalt on the east side of the valley, (at a. 
Fig. 15.) It is composed partly af comminuted matter, like clay ; 
portly of angular fragments, from the size of a bean downwardB> 
united by more finely divided matter, and occasionally enclosi^ 
pretty large angular blocks, which, however, are not so numerous 
as to prevent the rock from assiuniug the stratified structure. The 
grey traptuff on tJie west front, from p to the crag m, Fig. 6, 
consists chiefiy of this species ; hut it displays only feeble traoes 
of the stratified structure. As the pseud o- amygdaloid, is found 
under it at q, I consider tliis tuff as corresponding to, and coa- 
temporaneoua with, the upper porUon in St Anthony's valley, 
which reposes on a similar ruck. i. The red traptuff is seen 
on the north side of tho apex, from p round to d. Fig. 6 ; and oa 
the south it appears near e, and extends over the whole south- 
em slope from r tof, and down to the line where the rock dis- 
appears. This rock is distinguislicd from the preceding varieUes 





a brick-red colour, by the absence of visible trap veins, by tlic 

Qce of stratification, and by its position in reference to the older 

xka, which is unconformable and overlying ; while the grey traji- 

"■ ' St Anthony's valley is placed conformably among these 

There are varieties of traptuff intermediate between the 

d and the grey, which cannot be referred with certainty to the? 

ir the other. Some of these, found on the west front, may be 

iDt9 of the proper red tulf, which perhaps once overlapped thi- 

_ _ ma mantle, on allsides, but has been removed on this. Others 

Itnay be varieties, originally eidsting in the grey, owing to local 

™ean»es. The two kinds, though iiow and then inlurmingleii, are 

Bofficiently distinct on the great scale. The oblique lines under 'f 

and r, and that extending from p towards the apex, indicate the 

limits in a rough way. The tuff between p and d, cluiely re- 

sembles that between r and/. 

Two general observations occur respecting the mass of traptuff 
as a whole. First, there are obscuro indications in the lines whii^h 
separate the red from the grey, and in the rents and marks of divi- 
sion Been on the west front, of something approaching to a aymme 
trical arrangement round the nucleus of basalt, as if in beds dipping 
away from it, and which may be the result, either of the manner in 
ftvbich its parts were Guccessively deposited, or of disturbance from 
k'tiie protrusion of the basaltic nucleus. Secondly, the appearance 
if tho traptuff along the south side, with the process^ and pendicles 
t, (Fig. 5,) adhering to the steep declivity, are most con- 
it with the idea, that, when placed on the hlll^ it was in a very 
able state, (probably from being mixed with water,) and left 
le to accommodate iUelf to tlie inequalities of the surface, filling 
p hollows where they occurred, and lapping over declivities, in the 
lanner of clay or earth dropped on a sloping bank in still water. 
Tbese remarks are offered merely as loose conjectures, resting on 
a which are too equivocal to serve as a basis for positive con. 

At e, the junction of the basalt with'the traptuff of the south limb, 
'here is a mass of a peculiar character, just on the edge of the escarp- 
Bent. It is about 25 feet broad, and 30 or 40 high. The traptuH' 
net to this Is of the usual kiud, — a bard reddish paste, in which 
Igular fragments of various rocks, of one, two, or three^feet 
. roare, are thinly distributed. But in the mass in question, pieces 
If basalt, from one to six inches in diameter, constitute four-fifths 
[•of the whole ; and just such 4 quantity of minute fragments is 
mixed with thom, as suffices to unite them, aided probably by cal- 
careous or silicious infiltrations. It is a. true basaltic conglomerate, 
in which both base and nodules are of the same substance. Its ex- 
istence may be accounted for, by supposing that the denuding aur- 
Fents which carried away the upper part of the tuff, cut out a sharp 
hollow here, which was afterwards filled up by the debris of the 
basalt falling from the steep flank of the cone immediately above, 
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and cemented by the detritus of the eatne rock and the traptuff, 
wQstied in while the basalt nas perhaps still warm. 

The part of the hill extending right eastTiard from the apes tt 
the littls eminence of Dunsapy, seems to me lo present consider- 
ahle difGcuIties. The following itleial section does not satisfy my- 
self, but is offered as (be best explanation 1 can supply. 



Fig. 10. 




Section east and west through the apex, in the direction A £ in 
the map. The eye is supposed to be on a level with B. 

A, The apex. 

B, Position of the black porphyritie basalt of the south-east 

limb. It is not in the line of section, but nearer the spec- 
tator, and therefore its outline merely is marked by a faint 
line. (See^Flg.4.) 

C, The north limb of the hill, marked by dotted lines. ^- ■• j^ 

lieyond the line of section. |.H 

S, Dunsapy, au eminence with a marsh on Its west side s, above , P 
which It rises probably 120 feet. The lowest bed visibly is 
a dark blue basalt, evidently a prolongation of the highest 

B of the blue basalts of the north limb, (g in Fig. I.) This is , 
covered by a pale greonish-groy trap, and this by a thick ' 
masE of reddlsb-grey trap porphyry. At the back of the 
hill there are indications of an amygdaloid covering the 
porphyry. Uunsapy is, in short, merely a detached portion 
of the a«ti»-limb. 
E, A long round-backed ridge, extending like a tail eastward 
from tbe apex ; it consists of two long-shaped humps or 
swells. 
a, b, c, Tbe overlying traptuff, (aeo Fig. 4.) A black lino al 
marks tbe situation of the vein, shown in Figs. 8 and 9. 
d, c. Loch Crag and Well Crag. From e to c, a small portion J 

of the inclined traptuff uf St Anthony's valley is seen. 
The horizontal oxtent of the basalt, so far as visible along the 
line of section, is from 500 to 600 feel ; (its breadth is probably 400.) 
Its form on the horizontal plane is shown in Fig. 7. 
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At b, nsit the basalt, wo find the red traptuff ; about 200 feet 
lower, we flod, on the odg'e of the steep northern declivity, a 
bluiflh-grey traptuff' marked I. It resembles a porphyry, and per- 
haps maybe cooaidered as a raetamorpliic rock — a tuff changed by 
trap, wmcb covers it, into a pseudo-porphyry : it forms a ridge 
partially covered with turf. About 50 yarda eastward there is 
another ridge visible on the northern declivity, parallel to the 
first: this rock 2, is simirar in colour to the last. It it a bluish- 
grey porpbyritic greenstone. Eastward of this we find no rock 
in situ, but fragments are seen occasionally peuetraling the soil ; 
and where these are nuraarous at one spot, and the form of tho 
surface gives reason to suppose that solid rock exists imme- 
diately under the turf, they afford a species of presumptive evi- 
dence, which is not altogether to he rejected in the absence of better. 
On such grounds, after a careful examination of the surface down 
to the marsh s, I infer that a bed, most probably a thin one, of very 
cellular amygdaloid, 3, covers the brownish-grey rock No. 2. The 
beds 1 and 2 arc of considerable thickness, probalily 100 feet or 
more. The two ridges in which they crop out, join so correctly at 
the foot with two ridges of the north limb C, that a hasty view would 
lead instantly to tho conclusion, that the rocks on the one side of 
the hollow wore merely the prolongation of those on the other. 
They are, however, perfectly distinct. The bed 2 has a confiider- 



when we take the upper bods of Dimsapy, D, as a middle term ; 
but V is not the counterpart of I . Dunsapy is evidently a detached 
portion of the north limb, from which it is separated by a marshy 
hollow 200 feet wide ; yet the rocks do not exactly correspond. 
There Is also a diSereuce between those of Dnnsapy and the beds 
on the declivity £ ; hut this difference is such, that the grey rock 
of Dunsatiy is as near in character to 2, as to 2', of which it is un- 
quostionaoly a port. Again, there is an amygdaloid 3' on the npptr 
part of C, and there are traces of a similar rock, 3, on the back 
part of E, Tho supposition, however, that the rocks 2, 3, and 2', 3-, 
are parts of one deposit, seems scarcely admissible. If they are, 
the beds 2, 3, must have sunk down through a space of 500 feet, 
or the beds 2', 3', must have been raised as much. 

Fig. 1 1, Is an obliijue section at 
right angles to the last, in the 
direction of tiie line 2' d, and is 
mded to illustrate the fault or 
dislocation which seems to exist 
e. Tho letters B, E, C, repre- 
sent the same objects in both Figs. 
o,p, The beds 1, 2, 3 of the last Figure, on the ridge E, east 

from the apex. 
/, e. The corresponding beds on the north limb C ; o resem* 



blea d, and p resembles e : but n is differeDt from c, and tha 
basalts b, a, are entirely wanting under n. 

a, b. The beds of basalt marked e, f, g, id Fig'. 1, witli tlie trap- 
tuff of 8t Anthony's valley below them. 

The lino of division is ut x, st the point where the Tootpath lead* 
out from tlie head of St Anlhony's valley, and turns eastward. It 
is reasonable tu infer that a fl^surQ eiiets here, and tndicatei a 
fauU or dislocation of considerable depth. It is marked u in Fi^. 7. 

The highest bed of basalt, b, of th e north limb, has a certain re- 
semblance to the black basalt of the south-east limb B, and this 
resemblance becomes more striking, when we take the bed of dark 
basalt in the lower part of Dunsapy as a middle term, which is 
plainly a continuation of b, nnd 'm nearly identical in character 
with m. For various reasoni, however, it seems improbable that 
the rook m ever was connected with the other two. The hollow 
between m and n is about ^ti yards wide, and there is a smail grassy 
knoll at m', eight or ten feet liigb and forty long, on the side towardi 
E, which is so thickly strewed with masses of the black basalt, 
SI to render it extremely probable that the rock exists below in »i(u. 

There is sometl>ing anomslouH, too, in the relations of the north 
limb to the hillock of Dunsapy, considered as parts of the same 
uass accidentally divided. The cellular amygdaloid, for instance, 
appears on the side of the north limb, (under 3', Fig. 10,) about 40 
or 50 feet uhove the marsh ; yet we teek in vain for this rock, where 
we ouglit to find it, in Dunsapy. We discover it, indeed, at the 
side of the ditch wliich drains the ma.rsh. But if this be a part of 
Dunsapy, andif the beds of the hillock have the same dip with thosa 
of the south limb, we ougiit to find the amygdaloid somewhere on 
the precipice at the north-west angi e, 40 or 50 feet perhaps above 
where It is seen at the ditch. It does not appear there, however ; 
uor can it be sought lower ; for tlie dark basalt, which underlies all 
the corresponding beds of the nortii llmh, is found along the front 
of Dunsapy, 10 or 15 feet above the marsh. I suspect, therefore, 
that the dislocation, of which there are marks at x. Fig. 1 1, ex- 
tends eastward through the hollow between Dunsapy and tho 
north limb ; and that another dislocation and fissure, transverse to 
the former, and existing in front of Dunsapy, at y. Fig. 10, a 
for its anomalous relations to the bedi 1, 2, 3. 



I shaU now offer some remarks as to the mode in which the va- 
rious rocks composing tbe hill maj have beeu deposited in their 
present situations. In making this attempt, I must bespeak the 
reader's indulgence. Till wc are better acquainted with the con- 
dition of tile globe at the time to which the origin of the hill must 
be referred, and till the science of geology is farther advanced, our 
knowledge of the agents employed in the formation of mountunt. 



/md of the mode in which they operated, must be very imperfect. 
H Fully sensible of the difGculty of the snbject, the fallowings specu- 
B'hxions are offered merely as conjectures. They have at least the 
it of being orig-inal ; for tf any theory of the formation of the 
19 in existence, I have no knowledge of it.' 
. is now generally admitted ihat the trap rocks bave been pro- 
_^aced by igneous fusion ; and that granite, porphyry, basalt, and 
Vlavs, are the same substance, assuming diCFerent forms according to 
rihe circumstauces nnder which it wae generated and thrown out. 
BWhen the fused matter is forced up under a great pressure, (of 
Pirater or ineunibent rocits for instance,) it forms granite ; under a 
Ifbtialler pressure, it forms trap ; and when thrown ont in the open 
V|dr, it forms lava. Such is the opinion now generally entertained. 
The rocks of Arthur's Seat seem to me to belong to three differ- 
I, each embracing a. considerable period, and implying a 
lOiBnge in the conditions under which the rocks were formed. To 
SleT&'tf, I refer all the beds from a to c, in Fig. 1 ; that is, St Leo- 
nard's Crag and Salisbury Crag, with the sedimentary rocks under- 
ying and covering them. To the second may be referred all the 
ocka from c to h, (Fig. I,) both inclusive. To the third era may 
je referred the basalt of the summit, the mass of overlying traphiff 
■^j>, (Fig. 4,) which surrounds it, and the black porphyry _/J rest- 
^jng upon the tuff. 

encomber ourselves with unnecessary eiplan.itions, we 

ume that the sedimentary rocks on which the hill stands, 

"indudiiig all those below c, (Fig. I,) already existed. 

V ' I. Let us then suppose that a portion of matter, in a stale of 

vVneoos fusion at a depth below tne surface, wis injected among 

ftte sedimentary beds, and formed the greenstone of St Leonard's 

'I Crag, a, (Fig. I.) A second portion, injected iu the same way in 

■ state of fluidity, would form the greenstone of Salisbury Crag, 6. 

That the two igneous rocks were thrown out at different periods, 

[■ rendered probable by their dilTercnC mineralogical character ; but, 

P^tem the nature of the case, it nill be obvious that the higher might 

Viither be older or newer than the lower. 

I V' That the rock of Salisbury Crag was thrown out in a slaio of 
I Hgneoas fusion, and at a very high temperature, is shown by the 
great change which it has produced on the sandstone and shale, 
and undergone itself where it comes into contact with them. The 
sandstone changes its white colour to brown, and becomes harder, 
while the shale (or slate clay) is also hardened ; the greenstone 
loses its blue lint and crystalline appearance, becomes earthy, and 
assumes a reddish or brown colour. If these changes were only 
visible at the line of coutact between the two rocks at the bottom 
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of tbc cra^, ye might sappoae that the hot greenstone was laid 
down upon the uppermost bed of sandstone, and covered bj other 
sadimentar; rocks at an after period ; but on examining tile sand- 
stone and shale nhich are above the crag, and rest upon 11, the verf 
same changes nill be eeen at the line of junclion as below- Itinajr 
therefore be concluded, that the greenstone was injected in a, state 
of fusion between the sedimentary rocka, probably long after thej 
•wen deposited ; and this, it is to be understood, took place at the 
bottom of the sea. In Br M'Cullocli's opinion, tile trap rocks have 
generally been injected among the sedimentary strata ; sometimes 
however, but more rarely, deposited above them. There are two,, 
or perhaps several modes, in vhicb this injection of an igneous 
stratum might be effected. 

Fig. 12. 

In this Figure, 

m to be a vortical 

rent in the strata, 

through which the 

fluid greenstone 

(represented black) 

ascends. In forcing 

^ its way upwards, it 

may lift the npper 

strata away from the lower; and from its fluidity, it would naturuly 

fill the vacant spaces, and thus form wodge-shaped bods, as shown 

in the Figure between the sedimentary strata n. 

The rent in, through which the fused matter ascends, is called a 
vein ; and there are many sncb in the ricinity of this eity. A very 
large one passes through Drnmmond Place, crosses Broughton 
Street (where it is now open,) and proceeds by Quarry Holes to 
Lochend, about a quarter of a mile beyond which it ia now quar- 
ried for paving-stone. It ia about 60 feet wide, generally vertical, 
and is composed of a greenstone which is crystalline in the middle, 
but assumes a grey colour and earthy aspect at the line of junction 
with the sedimentary rocks, and for two feet within it. I have no 
doubt that the whinstone ruck at Lochend, is a lateral expansion or 
extravasation of the matter of the v^n -, and the section, if exposed, 
would probably have the following appearance. 

Fia. 13. 
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^^^1 t. The greenstane dike, witli the oipanded mass of grecDEtone 

^^^H a.bove, which forms Lochend rock. 

^^^P If, The upper beds of the stratilied rocks, burst ami shattered 

^^^H we may suppose by the intrusion of the trap, und afterwards 

^^^1 swept away by the eca, The: celi^brated Clevolnnd dike, in 

^^^1 the north of England, affords an example, at liolam quarry, 

^^^H of tlie trap of a. vein overflowing, and spreading itself out 

^^^B into a horizontal mass, i ii tlie nianuer here de^crihetl. It is 

^^^B figured in Plate 14 of Delabeche's Sections and View*. 

^^^^ In other cases we may suppose the strata to be ruptured, and 

^^^r thrown into an inclined position, hy motions in the igneous mass 

^^^ below, and to be resting on it with tlieir ends, as in the Figure 

' III this case, the li- 

quid trap may force 
itself up through 
of the 
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I transverse joint, and exhibit the appearance of 6; 
\ Uirough the strata crossways, dislocating and deranging tj 
L at c. In any of these cases, it is conceivable that tho thicker edge 
of the bed may be either at the upper or lower end, according to 

> drcumsEaiiccs, and the bed may still have a wcdgelike shajie in its 
•ection. Taken longlhwajs along tha surface of the ground, it 
wilt be easily understood, that the separation of the beds will only 
aitend & certain way ; tliat the trap which Alls (he space will coa- 

> Mquently thin oS at each end, and appear like a section of a lens. 
[ The beds of trap in Fig. 1 2, will also present this appearance at the 
L Surface. In fact, trap beds have very often tlie form of Icnsss ; 

, compared with the beds of sedimentary rocks, are of limited 

) Utenl. Portions of trap thrown up in this way, may be considered 

Aher as bedt or veins. 

Sometimes a trap vein subdivides into two, three, or more 

I tranches : sometimes it is bent at right angles ; sometimes the 

trap heaves up the orerlving strata into a dome-s!iapc, without 

f bursting them ; and thus changes the position of the strata, without 

I presenting itself at the surface. Eiamplea may be seen inPlate 17, 

^Of Dr M'Culloch's Description of the Western Iihzads. 

The next series of beds, from c to k, (Fig. 1,) are distinguished 
by the absence of satidetone, and the presence of tuffs and amyg- 
dalolds. These traps had not been injected among, but drpositai 
above, the beds previously existing. The proof is, that ihcy contain 



disposition of tbe matcriab cao be eiplnined oiil; by assumiDg that 
trap, in a finely divided state, was spread out in layers, under cir- 
oumstBUces which left it free to more in any direction ; that is, either 
in the open air or in water. Under air, they would have been col- 
lected in irregular heia or heaps ; and, in point of fact, no other 
agent but water could have g:iven them the finely laminated struc- 
ture which Eome of them exhibit. We have another proof of the 
absence of superincumbent rocks, in tiie atnygdaloidal or cellular 
structure ; for this is esactly similar to what is found in the upper 
part of currents of lava, where the entailer pressure allows tbc im- 
prisoned gases to expand iu bubbles, and farm numerous cavities. 
Water, to which no rock is impervious, afterwards carries in lime, 
silica, carbonate of iron, and other substances, which it holds in so> 
lution, and filling' up these cavities, converts tho rock into an amyg- 
daloid. The inferior part of a deep bed of lava, on the other hand, 
is generally quite compact. 

II. This being premised, wo may suppose that a mass of fused 
trap, existing at some depth below, and pressing upward, produced 
a. fissure in the sandstones forming the basis of the hill, as the lav« 
produces fissures in the sides of Etna and Vesuvius. Tlirough thii 
fissure the fused matter would ascend. If highly liquid, and pressed 
by a depth of eume thousand feet of tbe incunibeut ocean, it would 
spread out into a sheet or stratum of great breadth, and compara- 
tively thin : if viscid, it would forin a mass of less breadth and 
greater thickness round the orifice. We are at liberty to suppose) 
that t/ie saadatoaea icere then in a koriiontal positian ; for the east- 
ward dip which they now exhibit is not peculiar to the bill, but 
comnian to tlie a^j^'^^''' country ; and the original position of the 
sandstone and slate clay must have been nearly level. We may 
suppose, tlien, that the first liquid trap which rose through the fis- 
aure, spread out, and formed the green porphyry c, which lies next 
the sandstoue in Bog Crag. A second eruption produced tlie por- 
phyritic greenstone which covers it ; and other succeEsive eruptions 
might form the compact greenstones and amygdaloid, d. The ag- 
gregate thickness of these rocks is perhaps 150 feet; and while they 
were in tho progress of formation, some traptufi' must have been 
deposited ; for we find a small partion of stratified tufl' between the 
green porphyry c, and the porphyritio greenstone of Bog Crag, 
near the base of the south knoll. 

III. Wc may next suppose that, for a certain period, no mora 
liquid trap was ejected j hot tbe same substance, broken into mi- 
nute portions, probably by gaseous explosions, was cast up, or 
forced over the sides of the fissure. Matters of an analogous kind, 
namely, ashes, sand, scoriie, and fragments, are thrown out bf 
modern volcanoes, and constitute four-nfths, at least, of the mui of 



M GEOLOCT. 

Etna and Vesuvius. But Jots of tlie li<juid lara, when dischargeil 
into the air, often broiili, like water, into drope, whicli take a 
roundeil furm in falling, and get a elaggjr surface from rapid cool- 
ing' ; while the same matter, "pTOJected in deep water, though it 
might suhdivide, would not undergo a similar change. Hence the 
tuff of siibae rial Tolcanoes, like Etna, will differ much from that of 
lubaqueous ones, such as produced our traps. But a great pan of 
the tuff of Arthur'i) Seat scema to consist of fragments of pre-exist- 
ing: rocks, ineludlng a few of the sandstones on wliich it rests, and 
in this respect, too, the analog}' with modem volcanoes holds ; for 
fragments of tho subjacent rocks and of the oldtT lavas generally 
form part of their ejections. It seems probable, therefore, that 
previous to tlie formation of the tuff (, (Fig. I,) the fissure, pro- 
bably narrow, from which the beds c, d, were thrown out, was en- 
larged to a wide cavity, by blowing up part of these beds, which 
formed its walls, and the ruins of which, no doubt, compose a part 
of tho tuff. Indeed, tuffaeooua matter, in modern volcanoes, is 
seldom til Town out from a Sssure-, but jrenerally from a wide orifice. 
There is a breach at the head of Well Crag, (6, Figs. 6 and 7,) 
and tbe appearances there tend strongly to show that it does not 
pus under the tuff. Bog Crag, a, is evidently interrupted ; for 
the vein h, and enveloping tvS, occupy the place where it should 
l>e found, if prolonged. Itia poasible, then, (indulging a wide license 
of conjecture,) that the breach iu these beds marks the northern 
edge of the caTity or crater from the centre of which tho tuff wai 
vomited forth. If thrown up under the pressure of water, tho 
fragments would not ascend far; and if we assume that they fell 
repeatedly back into the crater, and were rc-dischai^ed, they would 
undergo a species of trituration by their action on eaeh other, and 
on the walls of the orifice, whicli would account for their commi- 
nuted state. Some geologists thinly that volcanic sand is chiefly 
derived from solid rocky substances, which have been reduced to 
powder by mutual attrition.* By motions of the water, or by the 
intumescence of the fused matter below, much would be borne over 
the edge of the crater, and rest on the sloping sides of liio e;<terior. 
Volcanic tuffs are sometimes stratified, sometimes not; and iu 
Arthur's Seat wo find them in both condillons. f 

IV. After the deposition of fragmentary matter ceased, a coulee 
of higidy liquid trap had been thrown out, probably from a fissure 
in the tuff, (like the vein li, k. Fig. 9.) and formed the columnar 
basalt e, (Fig. 1,) which rests on the traptuff. This basalt is a fins 
gntnular mixture of black augite and white felspar, very uniform 

I WtmlhH my tubilMico HDidi'gnui lo tolcniilo uhra Iwhlih r[iiH )d elniidi fWiii 
tat •nrrtd u > OHiomI lo tlu fion rngmuU, la ■ iwiol I u 



ind precisely similar ti 
extremely Tariable, n 



the bluB bssalt of llie aper. 
igiag probably from ten toi 



Its thiAncs 
forty feet. 

Its position, -which is very irreg-uLar, will be understood from tha 
following roug-h fiketcli of the cast side of Si Antlioiij's valley. 
Tlie acclivity i» bo steep, that it may pass for a vertical section. 

^H Fit:. 15. 




IE, w, The uppi"'r .'iii'Tt'' 

a. The bas^ilL iii-^u- iW '. ■ ' ■ v. l,cre it is 10 or 12 

feet (hick. To avoid (■(iinjilii^aiion, the other rocks which 

lie above it here are left out. 
i. The basalt in a jutting crag, -where it is about 50 feet thick, 

descends GO feet lower than a, and projects IDO feet for- 

e. The basalt under St Anihonj's Chapel, where it descendj 
probably 100 feet below h, and also projects much farther 
forward. There are two beds liere. 

d. The vertical crag, (it) feet bigh, behind the chapel. 

The surface of the declivity is covered with herbage, Ibrough 
which the amygdaloid and taff penetrate at a few places. 

The Qiiequal heights at which wa find tbe basalt at the localities 
n, ft, c, is evidently the result of dislocations ; and the cause of 
these dislocations is easily seen. The tniptuff on which the basalt 
rests, is a rork of small tenacity. The erosive action of water 
which scooped ont tbe valley, would cnt away this fragile substance 
from below the firmer basalt, masses of which, thus left unsupported, 
slid down tlie declivity obliquely, &nd assumed a position at once ' 
lower and farther westward tlian the undisturbed portions of tbo 
same rock. The proof of such motion is most conclusive in the 
case formerly mentioned (see Fig. 2, page 7) at St Anthony's chapel. 
We have there the hillock jutting forward beyond the natural slope 
of the surface ; wo have the vertical erag above, laid bare by 
the disruption ; and, to complete the evidence, we have the back 
or eastern part of the basalt embedded iu the face of the tuffaceoul 
•mygdaloid of tlie crag, while the severed western part is lying 
under the chapel, 50 or 60 feet lower. It forraa two beds, bore 
divided by S or 10 feet of the rock of the cmg, and two beds c: 



be traced under the cliapel too, tliougU tlie covering of Soil and the 
shifted and deranged appearance of the colunnns, tiirow an obscurity 
over the position of tlia upper. The two embedded portions of 
baaalt will be seen under e, in tbe above figure, and the dislocated 
portions at c. Tlie former will be seen between k and i, in Fig 2, 
and the latter at h and c. 

Marks of derang'cment exist on the south side of b, where the 
traptuff is seen to he cut off abruptly by the basalt ; and traces of 
the basalt itself are found some yards above the head of the jutting 
crag, and behind it. These, no doubt, formed Ihe continuation of 
the rock before the mass in front was severed from it, and slipped 
down. It may bo added, that tlie stratified traptuff at the well, is 
cut off in the same way at the south side of St Anthony's hillock, c. 

From appearances on the top of St Anthony's crag at e, and 
over the space a hundred yards backward, I have little doubt that 
the crag itself (a, in Fig. S) has also been moved, and is now in a 
lower position than it originally occupied. If the crag with the pro- 
jecting mass below had been smoothed by dUuvial action after the 
dislocation, and the embedded basalts under t were now found pru- 
trading through the soil, with the other bods (A and c. Fig. 1^} 
boneatli them, we would have »n appearance of four beds here, 
while there are in reality no mare than two. This remark affords 
a clue to (be confuaed aspect, the occasional apparent absence, and 
the occasional apparent multipli«ity, of the beds of basalt, eastward 
and southward from the chapel. 

Tlie unequal thickness of the basalt is what we would expect. 
If it issued forth in a highly liquid stiite, as its crystalline texture 
indicates, the coulee would accommodate itself like lava to the 
irregularities of the surface, filling up hollows, and flowing round, 
or thinly covering, small elevations in the traptuff. Hence its sec- 
tioD along a given line may not bo perfectly oontinuouB ; it may 
appear to thin off at some points ; and it may seem to he entirely 
Interrupted at others, because the connecting portions of the coulee 
have heen carried away. There is little doubt that a breadth of 
two or three hundred feet of the traptuff has boen removed in St 
■iuthony's valley, and the basalt resting on it would share its fate. 

The reader may complain of so many^details, on a' subject where 
the foundations are so uncertain. But by fully explaining the sup- 
posed process of formation in one instance, the necossity of repeti- 
tion is avoided ; for the history of one of the igneous beds may be 
considered as the history of the whole. 

The amygdaloid found above the columnar basalt, is apparently 
the same rock in an altered forni. The upper part of the basalt 
assumes a grey colour ; tho columns subdivide Into small con- 
cretions ; which, at a short distance above the basalt, present cells 
filled with spar. By degrees the cells diminish, the bass takes a 
redder tint, and passes into the cliocolate-coloured basalt. At some 
places, however, the distinction between the rocks is more sharply 
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defined ; snd thev are perhaps the producs of tnccesaiTe eniptioni. 
of the same matter, under circumstances somewhat diSorent, such 
u a greater or smaller pressure, or a. more or less abundant impreg- 
nation of gaseous substances. 

The chocolate- coloured basalt^ passes by a similar gradation 
into the dark blue basalt g, in largo columns, irhich covers it. At 
Bome places, too, a grey amygdaloid can be discovered between 
these beds, and it probably exists along their whole extent. This 
dark blue basalt passes again into a grey rook, which is perhaps, 
amygdaloidal at some parts ; the grey rock in its turn passes ioto 
a reddiEh-brown porphyritie trap h, above ithich are the amygda- 
loida x,lt. All these may be supposed tobe the produce of successive 
eruptions, perhaps from the same vent. 

Amidst the great irregularity which prevails at tho middle and 
north end of the hill, the three beds of basalt can generally be 
traced, preserving their relative. positions, and serving as landmarks. 
We find a blue bed lowest, a bed af choculate-red colour in the 
middle, and another blue bed above it. 

V. After all these traps were deposited, they were covered by 
the sedimentary beds of the coal formation, about 3000 feet in 
thickness. The stratiSed traptuff shows that the basalts and amyg- 
daloids were not injected among tho sandstones, in the manner 
shown in Figs. 12 or 14. They must have been laid down upon 
them, and under a volume of water holding the substances in solu- 
tion which lill the amygdaloidal cuvities. The same water had 
afterwards deposited above them tbe immense series of beds of 
sandstone, slate clay, bitnmiijous sliale, clay ironstone, and lime- 
stone, the truncated edges of which are seen on the beach from 
Fisherron to Portobello, and which extend farther in both direc- 
tions. All the beds from a to h, in FJg. I, must have been buried 
under this great moss of strata. 

VI. It is assumed that all the trap beds now described were in a 
nearly horizontal position. This conclusion rests mainly on tha 
stratified traptuff of St Anthony's valley, which dips distinctly to 
the east, and at an angle which can scarcely be under 23°. This 
eonid not be its original position. The basalts too, it may be in- 
ferred, if ejected in a highly liquid state upon an inclined snrface, 
instead of spreading out in beds of nearly uniform thickness, would 
have collected in masses at the foot of the declivity. Hitherto, 
then, we suppose all the beds Irom a to h, (Fig. 1,) to have been 
nearly horizontal ; but at this epoch they were raised into the in- 
clined position In which we now find them. There were probably 
two upheaving movements :— ono a great and general movement, 
affecting all the beds of the hill, along with the strata, from tha 
Castle to the centre of the Musselburgh coal-basin, and operating 
nearly at right angles to the meridian, so as to raise the west and 
depress the east side of the beds. In the hill, its agency is repre- 
sented by the north side of SaLsbury Crags ; tho other, a local and 



limited mavement, directed to t1ie uorth'east or north-north-east. 
This affected tlie south side of the crag^, Samson's Kiba, with the 
eastern part ol St Leonard's bed, and, to a Email extent, tlie mas» 
of Arthur's Scat. 

In this upheaving the strata would be, as it were, partially set on 
thwr ede^s, and being much fractnred, and osposed to the fury of 
tides and oceanic currents, llie upper part would be swept away. 
The traps of Arthur's Seat having a superior degrreo of hardness 
and tenacity, would resiat this action more than the adjoining sedi- 
mentary rocks i and when the process of waste and destruction had 
reached its ultimate term, the hill would be found projecting in bold 
relief above the softer strata of the coal field which once encom- 
passed and covered it. 

The three conditions of the rocks, last described, are represented 
in the diagram below. 

Fig. 16. 



A, 



A, The traps of Arthur's Seat buried under the itrata of the 
eoal field, in their original position. 

B, The strata upheaved along- with the traps : the vertical lines 
denote supposed fractures or faults, produced by the up- 
heaving motion. 

I, The strata with their upper part swept away by oceanic cur- 
rents, and the trups of the hill standing out hi high relief- 

VII. When this denudation teas welt advanced, the volcano in 
after a long period of repose, resumed its activity, and an 
I of iragmcntary matter fnaiied, which produced the great 
bed of overlying red traptuff, marked (i, 17, Fig. S,dp, Fig. 4, and 
e/. Fig. 5. It is from 300 to 400 feet thick, and as it rests dis- 
tinctly on the upturned edges of the sandstones and traps, must 
hsve been thrown out after they were upheaved anil truncated. Its 
uon-oxistencc in the hollow between the Crags and Arthur's .Seat, 
may be accounted for by supposing that this hollow was then lilled 
with sandstone, above which tha tuff was deposited, and that both 
were afterwards swept away. 

A pause then took place in the discharge of truiituB; and an 
eruption of highly liijuid mattar produced the crystalhtie black 
basalt, marked J, Fig. 4, and m. Fig. a, which rests on the tuff. 
After this, trapCutT was again thrown out, and probably enveloped 
the last-named basalt, which, however, ii now uncovered, the upper 
part of tlie luff being swept away. TliaC on ejection of luff took 
place after the furmation of the black basalt, is shown by a large 



*BTHUn'a SEAT. 35 

fragment of this rock inclosed in tlie outer portion of tlie tuff on 
the south side of the hill. (See Fig. 5, page 12.) 

The blacic basalt was probably bcmmed in and confined by the 
sedimentary strata enveloping' the bill, which were then only par- 
tially removed. It might thus be heaped up on the aouth-eut 
side, and portions of it might penetrate downward between Ihe 
older beds snd the envelope of sandstone ; and we may thus ac- 
count for tile fact of a gnhstanee, which must have been highly 
liquid, being' found adhering to a sleep declivity. The eleTation 
of the column of the apex will explain the inclined position of tha 
black basaJl in part, hut not entirely. 

It may seem a violent ooncluaion, that the volcano remained 
quiescent during the vast period (half a niillicm of years probably) 
in which the cuul strata were deposited ; and when it resumed a 
state of activity after so long an iuterval, threw out owitter of the 
game description ax before. There is nothing incompatible, bow- 
ever, with the observed laws of geological phenomena in this con- 
clusion ; and we have, so far as X can see, only one means of 
escaping from it, namely, by assuming that the beds of the hill 
were raised into their inclined position by a local movement, dis- 
tinct from the general upheaving which placed the sedimentary 
strata lying eastward in a similar position, and before these strata 
were in existence. This assumption too, if examined, would be 
found to involve as great difficulties as the other. 

VTII. I am inclined to considpr the basalt of the apex as the new- 
est rock of the hill ; and this idea rests on the supposiUon that the 
point which it occupies marks the site of the funnel and crater of the 
submarine volcano, whose eruptions gave birth to most of the 
rocks : it follows, that wheu this funnel was closed by a huge 
column of basalt, it put an end to the ejection of solid matter. 
There are circumstances, however, that favour a different conclu- 
■ion, to which I sliall advert. The blue basalt of the apex is iden- 
tical in composition with the lowest bed of the north limb e, (Fig. 
I,) has the same external form, and the columns have the same 
inclination to the north-east. The blue basalt of the apex is 
covered by an ironshot cliocolate-red basalt f, in small irregular 
concretions, and with bright specka of red ; and the blue basalt e, 
of tlie north limb, is in like manner covered by a chocolate-coloured 
bed, of the same form, and with specks of red. In the apex, how- 
ever, the intervening grey amygdaloid is wanting. On the side of 
the apex next the north limb, there is a breach in the envelope of 
traptuff. (from p to g, Fig. 7,) as if to afford the means of commu- 
nication between the two. These facts suggest the idea, that the 
basalts of the north limb alluded ta, and those of the apex, may 
be contemporaneous ; and may once have been continuous, and 
portions of the same coulc-e. On the other hand, the absence of 
the amygdaloid in the apex, the incomparably greater depth in 
it of the blue basalt, and the non-appearance of a second blue 
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b&sdi above tlio red, os in the north limb, are facts ratber adverM 
to this 6Uppoailion, The former idea, however, is not incompa. 
tible with my hypothesis. Auuniing that the apex nas once tho 
seat of a crater, it only follows, if its basalts are parts of the same 
coulee with the beds e and /of the north limb, that the beds above 
these, g. A, i, k, with thj black porphyry of (ho south limb, being 
ejected after the orifice was choked up, must have been the produce 
of erupdous from a different vent. Where that vent was situated, 
is B question not easily answered. 



1^1. It will bo observed, from inspection of the map, that the apex 
liVuids, as it were, in the centre of the traps of the hil], and Id appa- 
rent connexion with all the princijial beds, except those of the 
north limb, with which also it may be presumed to have been iu 
connexion before the western part of these beds was carried off by 
dilarinl action. Thus it rests upou, or rises ihrougli. Bog Crag; 
and Weil Crag : the greenstone crag m, (Fig. 6,) reaches within 
fifty yards of it : the red porphyry n, is equally near it ; the Iilack 
porphyry D, is within 1(10 yartls of it ; and all the beds of the 
north limb are so situated, that if the traptujf which has been 
removed from St Anthony's valley by denudatiou, were replaced, 
currents of ttuid matter, issuing from the apex, would ditfuse them- 
selves over the space which those beds occupy. Even Salisbury 
Crag almost touches its foot ivith one extremity ; and the same 
remark applies to Samson's Ribs, of which St Leonard's Crag is 
a continuation. It is to be observed, too, that tlie ^ex rises over 
all those rocks in elevation, as the cr&ter of a volcano overtops the 
Streams of lava which flow from it. Those lowest in position, 
namely, St Leonard's and Salisbury Crags, instead of being poured 
out frum a vent, may have been injected between the sandslono 
strata from an opening in the deep-seated rocks below the apex, 
or communicating with it ; and thU either before or after the supe- 
rior beds were formed. 

II. The position of the basalt of the apex among the other traps 
of the hill, is unconformable and auumalous, and gives it the cha- 
racter of an intruding rock. Jt is not laid down upon the otiur 
rocks, but inserted among them. This is seen in ¥\g. Q. It cuts off 
Bog Crag, a, and Well Crag, fr. The first is interrupted about 
150 feet from the traptuff P, and we have presumptive evidence 
that it docs not exist concealed farther ou ; for the basalt in the 
recess h, occupies the place where it would in that case be found. 
■Willi regard to Well Crag, there is a breach at its head about 30 
feet deep, and we are sure that Et docs not rc-appear, at least in tho 
Mme line, iu the space of the next 100 feet. But farther, we see 
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the amygdaloid covering it, which elsewhere seems thin, reaching 
here 300 feet behind tlie front of the crag, while the inclination of 
the soil on its back increases from 20' or 25°, to 45° or 50°. This 
seems to indicate, that tlie head of the crag was not merely fractured, 
but twisted back by tlie protruding basalt, which is here not more 
than 120 feet from tbe amygdaloid. The position of these rocki 
is seen in the ground plan Fig. 7, where b ia the head of Well 
Crag ; x, the amygdaloid ; e, tlie traptuff ; and d, the basalt of llie 
apex. The cavity A, is llie head of St Anthony's valley. See 
also Fig. 16, below. 

The greenstone m, (FJg. 6,) also seems to be cut off where it 
approaches the apex, and looks liko the fragment of a huge dike, 
once ramifying from tlie apex. The two reianants of beds at o, 
are not altogether valueless as evidence, since their mutilated state 
intimates the proximity of a source of convulsive movement. It 
must he kept in mind, too, that the basalt of the apex is quit* a dif- 
ferent rock, iu aspect and character, from a, b, m, n, and all the 
others near it. It occupies a cavity in pre-existing beds, and 
round it are placed half a. dozen of traps, all differing from one 
another, and agreeing in nothing except their juxtaposition to the 
cavity in which the central basalt stands. 

That the basalt does not rest on the traptuff, but descends within 
it on the west side, is clear from the description already given of 
the vein A, i, A. Nor is the evidence confined to this point. On 
the south shoulder at e, it is seen passing downwards for several 
yards, and joining the tuff vertically. The first view of the eastern 
declivity suggests the idea, tliat it may rest on the tuff there ; but 
thia is not the case, as the subjoined diagram shows. 

Fig. 16. 
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g, TliB crown of the apex, as iu Fig, 7. 
6, WeUCrag, asinPig. 7. 



, The shoulder of traptuif, as m Figi. 6 anil 7- 

Remnants of llie traptuff extend from c to I. 
, The unfgdaloid which covers Well Crag b, but is seen ex- 
tending here 300 feet back from it. 
.2, The footpath. 
On the crest of the decUvitj y, p, the termination of the basalt, 
inil the commencement of the tuff, can he distinctly observed at p, 
Ind portioDS of the basalt pmject tlirough the soil 20 or 30 feel 
Iwlow this at u, on the northern slope. Were the rock continued 
■ <^tward, either horizontallf, or with auch a dip as the lines of 
Envision at g indicate, it would be found at the small cliff v. This, 
Km 'he contrary, is a reddish traptuff, and the small cliff m, which 
Ejpacbes considerably lower, U a grey trapEiiff. The basalt, tbere- 
pfore, is not continued to the east, but passes downward vertioallj 
Midw p, as indicated by the dotted line. From I ta v, is scarcely 
100 feot, and as there is abundant evidence of great denudation here, 
k cannot doubt that the traptuiF once extended across this space, and 
^mpletely surrounded the apex. It follows, that the bos^t could 
~ ' pBgsintoitspreientsituatiaulaterally,from the east, nestiSouth, 
lorth. and it must consequently have come up from below. It 
my be said, lioivcver, that it ia the alder rock, that the traptuff is 
Mtorior, and was deposited around it. Bnt this conclusion is nega- 
Kved by the veins which the basalt sends into the tuff; for avein 
H> necessarily more recent than the rock into which it has been in- 

111. The traptuff itself furnishes strong evidence in support of 
the opinion, that the apex occupies the site of a crater. First, the 
great embedded masses arc almost always angular, and therefore 
have not been rolled in water, or transported from a distance ; and 
they arcof all.sizesup to four or five cubic yards, (eight or ten tons.) 
Seeondlg, all the frt^ments exceeding the size of the fist, belong 
apparently to the rocks of tbc hill. Not only arc granite and 
gneiss never mot with in it (so far as my observation goes,) hut I 
have never seen any distinguishable specimens of the felspars of 
the Pcntlands, or of the well- marked syenitic greenstone of Cor- 
sEorphine Hill, though houldera of this rock are found in the allu- 
vium ten miles to the eastward. Fragments of limestone are very 
scarce ; those of sandstone more common, but not abundant. There 
is but little of the former under the hill ; and though (here is a ^od 
deal of the latter, wo must remember that the rock, from its brittli;- 
s, would generally he blown to atoms by explosions sufficient to 
e it from a depth of two, three, or four hundred feel. Ninety- 
I! in a hundred of the fragments of notablesize, areof trap; and 
lough most of them are altered, we are pretty sure that the beds 
1 the hill could furnish them all. We have no reason to believe 
it any of them arc positively wanting ; and there are several of 
im which wo are still able to identify. Thus we Snd specimens 
• the black porphyry, !f, Tig. 4 ;) of llje cellular amysdaloiils, a 




fyw ; of the greonstone porphyry of Bog Crag : of (lie red jior- 
phyry, (n, Fig. G ;) and of the older Iraptnff itself, embedded in tlie 
newer. I have never observed recogJiiBable fragments of thebMsltrl 1 
of the apex. If the rock is newer than the tuff, the fact is explained. -" 
But eTen if it were older, the basalt being brittle, would not perhapE, 
if exposed to violent concussions, remain in blocks sufficiently IsTgR • 



TAirdlff, the traptnlf is heaped up in this limited space to tho depih '1 
of 300 or 4<10 feet, and is found tinwbere else in the neighbouring 1 
country, not even on Salifibury Crags. The mnss of it surrouuiU 
and envelopes the basalt, and is in contact with it on all sides. <i 
■Wbileihe ascent of the basalt from below, assures us that there was' 
a funnel hero even after the traptuff was deposited, we find that i 
traptuff placed around it, in such a manner as fragmentary mailer 
ejected from a crater, in that situation, might be expected to nn-nnge ' 
itself. Fourtkh/i all the ejected fragments are changed, and tli«'> 
change is such as might be expected if they were thrown out in a ■ 
heated stite, while in contact with water. A great proportion of' 
the blue traps have gsaum^ a red colour ; some are of a deep red ' 
throughout; others, parlicnlarly large blocks, retain their original' 
tint within. The alteration is similar to whal is observed in whin- 
stones exposed to heat when moiEture is present. The blue oxide, ' 
or protoxide of iron, which is usually the colouring matter, lakes 
an additional dose of o^cygen, passes into the red o:(ide, and gives 
the same colour to the stone. As might be expected, while the 
blue unchanged traps of the hill are all magnetic, the red changed - 
fragments are not, or exhibit the magnetic power in a very small 
degree.' The proportion of iron in basalts, however, varicB greatly. " 
The deep red tint of some of the embedded pieces, is very remark- ■ 
able. The blocks of sandstone are also changed : they are hard- 
ened, have a glimmering lustre, and resemble quartz rock. 

The sum of this evidence may be condensed into a few sentences. 

1 . We have a vast prism of basalt, stuck in vertically among rocks 
disposed in beds: this basalt must have issued fVom below at Ilia 
point where it stands, and proves that an orifice once existed here. 

2. Since it sends veins into the traptuff, it must be posterior to it, 
and must have come up in a state of fusion. 3. In juxtaposition 
with it, we have many beds of trap, which must have issued from 
below at different periods, and therefore presuppose one orifice or 
more through which they ascended. 4. bnmediately arotmd it we 
have a mass of traptuff, consisting of fragments of the lower beds 
of the hiU, which must have been thrown up in an incoherent and 
heated state, near the spot where they rest, and therefore also pre- 
suppose an orifice in some such situation as that which the basalt 
now occupies. 
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Auvergne supplies us with facta which lend support Id tliis liypO' 
tlieab. The Fuys, or volcanic hills there, olten consist of cones of 
scorifB, fragments, and ashes, with a crater in the mid<llo, at the 
bottom of wbich is found a column of busalc. Tlie Puy de Lou- 
chadiere, Mr Poulett Scrope informs us, has a crater 486 feet deep, 
and " a( its bottom a capping of basalt conceals the orifice of the 
volcano, alniost appearing to boil np from it, as a spriug gushes 
from its source." ' This cone was formed in the open atmosphere. 
If the sea had stood over it, it would soon have swept the upper 
part of the incoherent matter away ; and the firm basalt which is 
now at the bottom of the crater, would then have projected above 
the rest, as the apex of Arthur's Seat rises through the cnvetope of 
traptuff. t 

Graham's Island, which appeared in the Mediterranean in 1831, 
aflords anotlier illustration. It arose at a place where the previous 
depth of the sea exceeded 600 feet ; and when visible at the sur- 
face, it CDUsisled of a ring or circular ledge of fragmentary matter, 
with a pool of boiling water in the middle, from which columns of 
steam arose, and ashes, small stones, and red scorice, were thrown 
out. By Ihese ejections, the circle of loose matter was enlarged to 
a height of nearly 200 feet above the water, and a circumference of 
one or two miles : the pool in the centre was from 200 to 300 feet 
in diameter. At lengtli the eruption ceased ; after which the frag- 
. mentarj matter gradually diminished, till it entirely disappeared ; 
nd in its place was found a shoal, consisting of a black rock in the 
Biitre, 200 feet broad, and 1 1 feet under water, with sloping banks 
f scorias and other fragmentary mailer around it, I The pheno- 
aena are easily explained. The island was the product of a sub- 
urine volcano, which showered out fragments till it raised a cone 
IDO feet in height above the luittom of the sea. Ah the loose mat- 
Lter accumulated, the liquid basalt in the centre, protected by it, 
s higher and higher, till it nearly reached the surface of the 
;er, when it passed into the solid state by refrigeration, and the 
rounding wall of scoriae, receiving no farther additions to supply 
'B occasioned by the waves, gradually disappeared. 
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In the compartment on the left, a, b, c, d, e, is an ideal leotion of 
the island, aa it existed when the etrae rose one or two hundred feet' 
above tbe sea, s s: b and d are the ledge of the surrounding' 
basin c, whicb then forrncil the crater ; and r 1 was then an open 
funnel, from which the scoria:! were showered out. The shaded 
part represents the hill in its eocouil stage, after the sea had swept 
away the upper portion of the fragnientary matter. The wliole is 
now under the level of the sea, s, s, s ,- the Eidos are reduced to the 
size m, m ; the column of basalt x 1, which was formerly the lowort' 
iw the highest, and, hy its superior firmness, protects tha' 
uaterials around it. Tho Figure on the right represents^ 
■ t» third stage ; the agitation of the sea, for years or cen- 
rnries, is supposed now to haye cajiied away a further portion of ( 
the fragmentary matter, giving it a flatter outline, n, it ,- and the 
upper end of the column of lava x 2, has also been rounded off into 
the form of a cone.* 

In the first stage, with the outline a, h, c, d, e, it exactly resem- 
hlos the Puys of Auverg^e ; in the third, its resemblance to Arthur's 
Seat will immediately suggest itself, 

A question of some interest yet remains : What caused the hoi- ' 
low on the west side of Dunsapy, now occupied by a marsh, («, 
Fig. tO;) and whathas become of those prolongations of the 
beds of the north limb, which must once have covered the space? 
To this question it is not easy to give a satisfactory answer. 1. 
"We can scarcely suppose that the matter was removed solely 
by diluvial action, since other portions of the beds, not more pro- 
tected, remain entire to a considerable extent. 2. The portions 
of the beds removed, are those nearest the seat of volcanic action, 
(supposing that to be the apex,) and of course most exposed to , 
disturbance. 3. There is afault exactly at the place where tiiese 
beds are abruptly cut off, (n. Fig, 7,) showing that the prolonged' I 
portion had been broken through here, and either heaved up, or 
thrown down. 4. It is probable that the force which oftectod this,* 
so shattered the beds, that the waters which then covered (he lul^ J 



t»<?re enabled to sweep the broken and loosened masses away. The 
canity at this place may be conceived to have some resemblance to 
a crater ; but it ia very remote, and tha idea reeeives no support 
from the appearauce and arrangement of the contiguous reeks. 

There is a bed of dark blue porphyry at the bottom of Dunsapy, 
very like that of the south-east Umb, and from wliich the mass em- 
bedded in the traptuff may have been derived. But if this bed were 
prolonged to the requisite extent westward, with its present dip, it 
woidd bo found ^t a height of 250 feet above the apex ; and there 
is some difficulty in supposing that it could ever occupy [bat situa- 
tion. It is not, however, impossible ; and in this case the necessity 
for assuming an eruption of traptuff, posterior to the format! 
the black porphyry, would he removed. 
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It has been stated alreadyi that the greenstone of Salisbury Crag 
was most probably injected among the sedimentary beds which un- 
derlie and cover it. As the flanks of the greenstone are fully exposed 
along two-thirds of its exteut, it was not unnatural to look for Eome 
indication of the opening through which the fused matter ascended : 
and it has been supposed that this is found od the north side. 

Fto, 18. 



a. The greenstone of the crag. 

b. An apparent process passing 
downward from the greenstone, 
and occupying the site of tlie sup- 
poBod funnel through which the 
ilised trap ascended. Its breadth 

is probably 100 or 120 feet ; its visible depth 12 or 15. 

e. Strata of sandstone, shale, and clay ironstone, on which the 
greenstone rests, andwhich are interrupted by the process i. 
', Debris and herbage, covering all the lower part of the talus. 

e, Ueds of sandstone and shale, covering the eastern part of the 
t^rag on tliis side. 

When ths path was formed along the foot of the crag about 
twenty years ago, the rock at 5 must have been exposed to a 
greater depth. At present t!io portion visilile is bo inconsiderable, 
H3 to render it doabiliil whether it is any thing else than an irre- 
gularity in the lower surface of the bed. 

Before we leave Salisbury Crag, I must notice the vein at its 
western extremity. This vein is a few yards northward of the 
indentation called the Cat's Nick. It is about 5 feet wide, and it 
passes completely through the gr-eenstone of the crag, which is here 
about 60 feet thick. The vein is very nearly verticil, but its sides 



are not perfectly straig:ht, having a sliffht curvature. Externally, 
the greenstone of the veiu scarcely differs in appearanee from the 
rock of the crack; but when broken., instead of being granular and 
crystalline, it is compact and earthy, as most of tliu narrow trap 
veins which I have seen in this district are. At the junction witb 
the sedimentary strata, it envelopes a mass of sandstone ; RUd thii 
sandstone, according to Mr Allan, is pervaded in all directions by 
minute veins of the trap, as the limestone of Glen Tilt at iti 
junction with the g'ranite, is traversed b; laminte of the latter rock, . 
some of them almost as thin as paper. Such phenomena afford 
evidence of the fluidity of the inteijected substance. The Hut- 
tonians assert that this vein had been filled by matter ejected iVom 
below, aud would be found piercing the strata un which the green- 
stone of the Crag rests. Tho Werncrians controverted this ; and, 
to settle the point, Sir Jamea Hall bad a portion of the debrii 
cleared away, when the trap was found passing through the saud- 
Etone, as the Huttouians anticipated. 

That this vein was connected in its origin with causes which have 
disturbed the rocks of the crags, both igneous and aqueous, seems 
probable from phenomena which bad, so far as I know, been over^ 
looked. It is remarkable that the dip of the crags changes exactly 
at the vein, in such a manner, that if we suppose the whole, formed 
originally in one plane inclined to the east, to have been fractured 
at this place, and the middle to have sunk down, or one or both of 
tho ends to have been raised up, we shall obtain an exact idea of 
the appearance which the crag preii-ents. Had this bending of the 
strata existed only in the greenstone, little importance would bava 
been due to it, but it extends equally to the beds of sandstone and 
shale below and above. I took the dip and bearing, with consi- 
derable care, a few years ago, at various points where Ibe sand- 
stone below is exposed, and the following is tlie average : — 

South side of the crags, dip N. 55= E. (nearly NE. by E„) 1 
in 2J. 

North side, dip 8. 80% E. (nearly E. by S.,) 1 in 2i. 

The direction of the strata of tbe two sides differs about 45°. 
The axis of depression, or the line which connects the planes, runs 
about N. 80^E. ; and the vein is pretty correctly at its upper ex- 
tremity. The rocks of tbe two sides, however, do not meet at a 
sharp angle, but are bent into a sort of curve, which extends prO' 
bably 50 or 100 feet on each side of the vein. It is remarkable 
that the line of juaction passes through a prominent mass of earthy 
greenstone on the back of tho crag, marked 8 in tlie map, and':r in 
Fig. 1. It was this clrcumscance which first led me to think that 
the rock in question, was a tabular expansion of tbe vein. Thi>. 
will be understood from the figure annexed, which represents a see-, 
tion across the crags, exactly south and north, through tho middle 
of the terrace of greonstoiio 8, in the map. The vein is much 
thicker in tl]e figure than it ought to be. 
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In (hii FiKnro, b 
is the vein which is 
* « here supposed to 

extend indefinitely 
downward ; d, the 
tabular masSjinctrk- 
ed j: in Fig. 1,into 
which I suppose 
. . lod hcd m 11, is the 

^itb strata of sandstone below and above, 
both sides. I pointed out this apparent 
rith the overljiiiff mass'Sj and with the 
chanjje in the dip of the heds, to some friends, in 1827 or 1828 ; 
and thoy deemed it highly probable. The greenstone of rf has a 
close resembtanco to that of the vein, anJ diSera much'from that 
of the crag vn n. It forms a raised terrace on the back of the crag, 
from 100 to 200 feet broad, and 500 feet long. The height at the 
east end is ahout 30 feet, which gradually diminishes till it is nearly 
on a level with the grassy surface at tho head. This portion of it 
is about 50 yards from the point where the vein is seen at tho edge 
of the precipice. The sandstone can be traced on both sides, and 
from its dip seems to pass bolcw the terrace, as shown in the 
Figure. £y opening the soil here, the existence or non-existence 
of the supposed connexion between the vein and the mass of trap 
above could he known ; and considering how raiely it happens that 
a phenomenon of the kind, which ought to be common according 
to the received theory of the igneous rocks, can bo distinctly aacer- 
tained, perhaps the little trouble and expense attending the experi- 
ment would be well bestowed. There is a patch of rock of a slmi- 
kr appearance {q iu the map) a little farther south, which is no 
doubt u part of the same greenstone. No trace of the vein is 
visible in tho old quarry (10,) but the bearings of the beds lead me 
to think, that it should be sought farther south, pretty nearly in 
the direction pointed out by the line c rf in the map. 

In the preceding figure we may suppose the bed af greenstone 
m n, to be originally in one plane inchned to the east ; to be frac- 
tured at b by thrusts from belo-w, probably at its south end ; the 
fused trap then ascends through the fissure, pierces the lower heds 
of sandatone between a and ft, CFig- 10 lifw up the higher ones, 
and spreads itself laterally, so as^to exhibit Ihc' appearance ati. Fig. 
I ; and perhaps the vacuum produced by the escape of the fused 
matter Irom below, caused the strata to subside in tlic middle, and 
thus made the two portions of tho heds on opposite sides of the 
vein meet at a sharjier angle. Tbe upper beib of sandstone dis- 
turbed or shattered by tho protruded trap, wcru aflcrnards swept 
We hai ... . . 
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The traces of liiluvial actios on Arthur's Seat, are among the ■ 
most interesting phenomena which the hill presents, and might fur- , 
oi&h materials tor a long article. I shall notice some of the most . 
striking. 

I. All tie Aic/A parts of the hiU which would be exposed to the , 
action oj a current from the west, are invariably aice/it clean, and 
where the exterior of the roclchas not been altered hj subsequent.,, 
disintegration, the surface of the exposed parts is rounded off, 
smoothed, and sometimca scratched. This may be observed in the 
south limb, (C in tbe map ;) in Ih« south-east limb (D ;) on the ; 
head of the projecting' rock which forms Samson's Ribs ; and in tha , 
north limb (B,) too, though the natnre of the rock is unfavourable. 
Though boulders, or travelled masses, abound on the hill, they are i 
never to be found on the parts where a flood from the west could i 
have a clear sweep, but in hollows, greater or less, behind the pro- ' 
rainent parts. The debris, or fallen masses produced by disinte- 
gration, must be distinguished from transported blocks, dcratchea 
may be seen on the upper surface af the greenstone of Salisbury ' 
Crag, near its south extremity. 

This swept and smoothed appearance of the exposed surface of 
the rock, is to bo observed on every low hill which I have seen in ' 
the basin of the Forth— on Braid Hill, Blackford Hill, Craiglock- .■ 
hart Hill, the Calton Hill, the Castle HiU, Corstorpbine HiU, 
Cockleroy, and Earncath Hills, at Linlithgow, and others. The- ' 
boulders cither form a tail on tlie east, or are found in sheltered 
bollows. 

Fio, 1, {re-introduced.) 




II. The prominence of lAe strata hears a proportion to their hard- 
ness and tenacity. Why does St Leonard's rock n, stand out 
in relief beyond the strata which overlie and underlie it ? Because 
it is of a much harder and more tenacious substance, greenstone. 
Ju the same way, the prominent position of Salisbury Crag, I 
owing to the thick bed of Hnn greenstone *\\\c\v\v^s, ^ 



48 GEOI-OCT. 

mass of less coherent Bti'iita on which it reposes. Tho hoUows froin 
a to h, and from h to e, were produced by the water Bwecning away 
ihe looser and EoRi^r sodimentary strata, to Ihe very edge of the 
protecting trap. The bode c and d are whitistone also, and there- 
fore again prominent; while the next bed under e being' traptutf, 
a much less tenacious rock, we have again a valley. The rocks 
from e to A are firmer than the trnptuff, and hence they rise above 
it in a hump or BwfeU, and the longitudinal depressions which divide 
them, may be pretty well explained by the varying hardness of 
the alternating beds of different traps. It must Imj understood that 
ail the beds, whether acdimentary or igneous, have been partially 
deslrtiyod and worn down ; but the softer have suffered most, tile 
harder ieast. Surge after surge had broken for a long period on 
the western breast of the hill, (ind the form of the surface has 
come ultimately to represent the variable power of the strata lo 
resist the denuding agency of the water. It will be observed, also, 
that the apei presents the appearance of " Crag and Tail ;" and 
the, south -east limb D, owes its elevation above the adjoining sur- 
face to its capping of basalt, under the protection of which the 
looser traptuff is found rising up 15 or 20 feet above its general 
height. (See/Fig. 4, page;iO.") 

IlL Blocki of tkegreemtone and aandslime are strewed over the 
crags and kill, in a woy very lignificant of the nature and extent of 
the diluvial agency. In Ihe map, the places of some of these boul- 
dura are marked by crosses -a x. At the north end of the Hunting 
Bog, on the declivity near tlie old quarry, (&om 11 to 16 in the 
miq),) Sfty or a hundred of these may be seen, of all sizes up to 1U 
or 15 tons, and generally not muoh rounded. I have examined 
many of them, and Ihoy seem all, without exception, to be of the 
greenstone of the crag. A lew are found at G, and considerably 
farther south. Indeed, blocks of less or greater magnitude are 
found all along the back, of tho crag, except within a short distance 
of the crest or edge, where the current was of course too violent to 
permit them to rest. The blocks at 1 1 had been torn off from the 
west or north-west margin of the greenstone bed, and hurried to 
their present sheltered situation, (from b to e. Fig. 4,) by the cur. 
rent. They seem to be generally resting on the alluvial soil. 

The same description of boulders are to be found on the surface 
of the hill, in situations far above the present level of the crag. 
There is a block of 4 or 3 tons at St Anthony's Well (13 in the 
map one "f 2 tons on the middle hillock of three belonging to 
Bog Crag ; one of 4 tons on thu shoulder of traptuff right north 
from the apex, (above d. Fig. 0,) 300 feet or more above the Hunt- 
ing Bog. The surface below is extramly steep. There is one of 
4 tons about 300 feet higher than the Powder-house, in a sort of 
hollow above the precipice fronting the west there, (about 5 in Fig. 
3.) There are two on the south limb C, from I to 2 tons 
(between G and 7, Fig. 3 :) there are two or three also to be found 
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lying in ibe intersdcos bebrcen Ihe heads of the colunms among 
the basalt of the soutli-esst limb D, 150 feet above the higbest part 
of Salisbury Crag. There ia oue of 4 tuns on u declivily at tbe 
bead of St Anthony's valley ; one of 7 or 8 tons at the east end of ' 
Sunsapy bill (E in tbe map ;) and lastly, two email ones of half ».■ 
too, and a ton. at the siile of the marsh behiod Parson's Green. I 
Some of Iheee were so much rounded tt^at I coold not obtain al 
specimen of them ; but all of tbem which I examined were of ft I 
greenstone, which was either the greenstone of the Salisbury Cng, M 
or lino belonging to a more distant locality. On this point thera I 
is little room for mistake ; for no greenstone exists in the hill itsel£il 
resembling these boulders. 1 

What is uot less interesting, blo-cks of snndstono from half a ton.fl 
to a ton or more, are also found scattered over the higher parts ofa 
tbe bill, 400 feet abore any spot where sandstone now e:tist5 in ^itu.i 
One of these, of a ton, will be found on a declivity at the bead ofV 
St .Anthony's valley ; another on the south limb ; and two or thre»1 
in cavities among the columns of the south-east limb D. SanA-f 
stone, from its fragUily, seldom travels far; and if Ibi'se ma3sei..l 
are not remnants of the coal strata which once covered the hill,wal 
may infer that they belong to the beds under or above Salishurjrl 
Crag, (about I, 2, Fig. 3.) It is evident that when these bloeksfl 
were transported to the situations they occupy, tbe hollow witbil 
t-teep sides which now divides the hUl from the crag had not existed,.! 
at least in its present shape. ■ 

Sut the finest example of diluvial action which the hill aSbrdB,.! 
is to be found on the deolivity lying eastward of the south-eait I 
limb D ; because in tiiis case we can distinctly ascertain the localitj,* 
from which the travelled blocks cumc, and the direction in whiob I 
they moved. The boidders In ques-tion are marked x x in the map ; 1 
they are about 100 yards south of Dunsapy, and they begin about I 
150 yards eaat of the skirls of the bed of porphyritic basalt D,.] 
eaveriug a space of 300 yards by 200. A section right eastward I 
from the basalt presonts this autluie. 1 

Fig, 20. I 

A, MuEs of por- J 

phyrilic basalt (ml 

in Fig. 5,) restiiw I 

on C, the traptofT^I 

fi. The liouldenJI 

^^____ or dctacliodblocksiH 

Tbe boulders KrUM 
some thousands lum 
number, of all sizes, up to cubes of 6, 8, or 10 feet, weighing 20 o^J 
30 tons: they are generally not deprived of their angles, and they'l 
are scattcrpd about in the wildest confusion. In some of them wO M 
find the scams of the columns well marked, Vv^q \,U<^ \vvv.c% va.%%!M 



ic fionr, tvhile the mass still coheres as utie solid piece. There 
_. e a verf few blocks of sandstone among them, and perhaps a few 
I ' of other trap rocks ; but nineteen- twentieths are easily recognised 
I U part of the basalt A ; some few of them exhibiting rather a. larger 
^proportion of felspar than the columns in situ, as belonging probably 
I to an upper bed, of which they are the wrecks. Now, the facts de- 
Vaerving of notice here are : — that there is no precipice from which 
I ibey could fall ; that in this situation, 300 feet above the general 
Pifevel of the country, they are -quite beyond the reach of all tran- 
Rolent fioodi, and currents ; that no cause, in short, now operating, 
B eould have detached them troin the parent rock, and placed them 
W in their present position ; and that this could only have been effected 
. by a powerful current from the west, which tore up the higher parts 
r of the basalt D, and transported the fragments to the place where 
• we now find them. Wc can judge of the direction of the current 
I too ; for if we start from the brow of the height above the Dud- 
l Angston footpath, (34 in the map,) and proceed northward towards 
K'the marsh at the foot of Dunsapy, wc shall find that the fragments 
T eease when we artive opjiosite the hoUuw which hounds the south- 
V'sast limb D, and separates this rock from the apex and its tail. It 
['fa farther worthy of remark, that all the large blocks appear par- 
P tialiy earthed up, the west side presenting a mimic terrace one or 
feet above the east. One huge boulder of 30 or 40 tons stands 
It on the edge of the deehvity, in such s position that it is dlffi- 
It to conceive how it could have been in motion, and brought to 
I this spot, without rushing down the steep. The most probable ex- 
rplanatioij of the fact is, that when the boulder was impelled to its 
['.present situation, the clay and sand were then many feet deeper, 
B and formed a resisting niediunn, which stopped it at a point where 
I the slightest motion in the present slate of the surface would pre- 
rdpitate it down a deehvity of 300 feet. And while the waters 
Kirere receding, a part of the alluvial cover might be washed away. 
\ Numerous blocks of a rock closely resembling this, are also found 
■'in front of Dunsapy, and migbt lead to a suspicion that the rock at 
, D was once continuous with the blue trap at the bottom of that 
■mall bill ; in which case the masses alluded to would be fragments 
of the beds that once connected D and E. But, on this supposition, 
^' bU the space between D and £ should have been strewed with the 
' tome boulders, which is not the case. 

The travelled masses of sandstone and greenstone belonging to 
R'beds some hundred feet beluw the places where wc now find them, 
kand the boulders just described, evidently torn up and curried off 
I 'by violence from a spot to which we can so distinctly refer them, 
■ '■re most instructive memorialB of the wondrous changes which the 
' Mrface of the country here bos undergone since the solid strata 
> were deposited. In this case, it may be truly said, (hat rocks and 
■tones have a voice, aid speak an intelligible language to the re- 
fleoting mind. 
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When excavations were made in 1828, below Samson's Ribs, (at 
tj in tlie map,) a very interesling section of the soil was pxhibited, 
of which Fig.*21 will convey an idea.. 




a, b, c. The surface of the rock, 
■which is here quite vertical; it con 
sists of porphjritic greenstone ii 
long columns, two feet or more ii 
diameter. 

b, b, A mass of debris, the spoila 
of the mural preoipiccj abont 40 or 
50 feet deep from the old footpath 

f, donnwarda. It is a confused as- 
aemlilage of angular blocks, of all 
sizes, up to 20 or 30 tons weight, 
and all belongin^to the rock above, 
e, c,"A bed of clay about 10 feet 
thick, on which the fragments re- 
posed. 

'/, d. Strata of bandstooe and shale, dipping to tlie uorlh-cast, 
passing under Samson's Ribs, and supporting the bed of 

t. The cut made for the tunnel. 

The clay, c c, was of a yellowish colour, with patches of hlne 
and rod, and was in some degree unctuous. It contained many 
stones, but these generally small : nine-tenths of them were of 
sandstone, and angular ; a few of greenstone, and rounded ; but 
none that could be traced as belonging to distant localities ; t 
only a Tery few bits, if any, of tho rock above. The clay must 
assigned to the newer alluvium. 

The existence of this bed of clay under the fragments, may be 
explained with or without the supposition of a transient deluge, 
like Noah's flood. First, it is obvious, from the nature and position 
of the rock, that portions of it mmt always have been falling down 
at intervals, since its front was exposed by the removal of the con- 
tiguous strata. Had the base dd been left bare when the frag- 
ments began to fall, we sliould have found them reaching down to 
it, instead of being separated from it by tcii feet of clay. AgaiOj 
if this bed of clay had been slowly deposited during a course of 
years, bj causes now operating, we should have infallibly found 
angular masses of the rock Intermixed with it, which is not tht< 
case. The clay, on the other hand, is not a portion of the older 
alluvium found in other parts of the a^aceut country, and 'which, 
from tho abundance of rolled blocka contained in it, m^^ te vi.\- 



posetl to have been deposited by aorne of the vast currents which 
broke up find carried off large portions of the rocka. We 
either assume, then, that a feebler current, following these, Uepo 
sited this clay, and in so short a period that the debris iif the co 
lumne had not time to mingle with it, or that, aiter many fragmenti 
had been accumulated here, a aevr and powerful, but transient irrup' 
tion of the waters, carried them away, and left this bed of clay in 
their place, upon which a new deposit of debris took place. 

Daring the last fifty years, I believe, it is not known that more 
than two or three blocks of any noticeable size fell from the co- 
lumns; and if they did fall, tliey were sure to be seen on the fbot- 
path below. We may therefore conceive, that if meteoric influence 
has not been enfeebled, many thousand years must have been re- 
(luired for the accumnlation of tbe mass of fragments now existing 
here, wliich was about 50 feet deep from y to c, and at>out 30 feel 
in breadth at the base. 

Arthur's Seat, like the neighbouring lulls, has a tail of clay and 
gravel, which may be seen proceeding eastward from Dunsapy. 
I am not aware that its depth has been ascertained by quarries or 
openings in the soil ; but beds of alluvial matter are visible al 
Duddingston Mills, (150 yards eastward of /in the map,) on the 
banks of the stream, to the depth of 60 feet, without any rock. 



THE CALTON HILL. JH 

This hill is in the north-oast part of Edinburgh. Its summit is 
349 feet above high water at Leith. The westem part consists of 
porphyry and traptuff; the eastern, of numerous altemattonB of 
sandstone, waeke, bttuminouB shale, and clay ironstone. Its ex- 
treme breadth from north to south, is about 1300 feet ; its length 
to Carlton Place, about 2500. 
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Mr Webster, who studied in this city many years ago, when aome . 
parls of the hill wore exposed which are now covered up. The j 
part of the section between x and i/, ia no longer visible. 
P, T, P, T, P, Five beds of alternating traptuff and porphyry: 
the highest, crowned by Nelson's Monument n, is porphyry ; 
the second, traptuff; the third, porphyry ; the fourth, trap- 
tuff; and the lowest, porphyry. This last envelopes a mass 
of sandstone and shale, s. I have never carefully examined 
these rocks, which have a considerable resemblance to each 
other ; but Mr Webster's description is in substance as fol- 
lows ; — The principal rock, is porphyry, wilh a basis of i 
claystone, sometimes passing into felspar, sometimes into 
a distinct greenstone ; and upon these rest alternating beds 
of traptnff and porphyry. 
Bou6 deacribos the trap beds as follows; — 1. (the lowest) A 
greenish trap porphyry. 2. An eartiiy-greenish or greyish.black 
dolerite, having ttio aspect of a breccia, and traversed by many 
calcareous veins. 3. A greenish doleritic porphyry. 4. A green- 
ish or purplish hrechiform trap. 5 . An earthy felepathic amygda- •' 
loid, greenish or purplish-grey, with embedded crystals of greenish 
decomposed augite, and scales of oxidulous or titaiiiferous iron., 1 
Its cavities are filled with carbonate of lima. G, A true breccifc J 
composed of fragments of greenish wache, and of compact or earthy | 
felspathic rocks, agglutinated by comminuteil debris of augite and 'i 
titanic iron. In the text ho makes the number of beds seven ; and 
if aU the varieties were distinguished, they would- perhaps be stiU 
more numerous. He cotistdors the uppermost as the only true 
traptuff, the others as pseudo-tufik.' There are, I think, three true 
tuffs in the hiU ; and on the high south walk, abed of sandstone is ' 
exposed, coTeriag the porphyry oil which the monument stands. 
The beds of tuff are generally much thinner than those of porphyry. 
Some of the former probably do not exceed \0 or Id. feet in depdi, 
while the lowest bed of porphyry is perhaps IfiO feet. In this and 
other respects the above section (which, so far as the rocks are con- 
cerned, ia borrowed from Mr Webster) has no pretensions to accu- 

the east end of tlie hill (from x to ji) consists of beds of bitumi- 
nona (hale, wacke, sandstone, and clay ironstone. The wack8 
forms two-thirda of the whole.. The beds of sandstone are but A 1 
few inches thick, and the bituminous shale has nodules of day iroi^ 
Stone iutermixed with it. Mr Webster enumerates seventeea bedb ^ 
then exposed ; and the thickness of twelve of these, as given bT. ^ 
Boue, amounts to 170 feet. As a specimen of alternating beds, I 
subjoin a list of these, beginning at x, the west end^ 
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10. Bituminons shale. 

11. Wacke, 

12. Bituminous ibale. 

13. "WacU. 

U. Bituminaua shale. 

15. Wacke. 

16. Bitumiaous shale. 

17. Saiidstone. 



.0 soft that it yields t 



1 . BitaminouB shale. 

2. Wacke. 

3. Sandstone. 

4. Bituminous shale and ironstone, 

5. Wacke. 

6. Bituminous shale. 

7. Wacke. 
S. Bituminous shale. 
9. Wacke. 

The dip is E. N. E., and about 15'. 

Wack6 is a sort of earthy greenstone, e 

This section extended along the space now occupied by 
Regent Terrace. Though 200 feet or more in length, it contains 
only two beds of sandstone, and these only a few inches thick. 
Now it is remarkable that, on the north side, heliind the Royal 
Terrace, there ore six or eight "beds of sandstone visible, some of 
them six feet thick, intermixed vrith vast beds of dark shale. The 
space separating the localities presenting these difterent appear- 
ances, is from 300 to GOO feet broad. The direction of the beds 
here is N.N.W. ; and ■whether the beds seer on the north side in 
part replace those on the soulli, or whether they belong to a por- 
tion more distant from the trap, I am unable to detennine- 

The Calton Hill also exempli&es beautifully the phenocnena of 
*' Crag and Tail." To the west we have every where a craggy 
front of trap rock, (.s to n,) worn bare at alt its most prominent 
parts, and thinly covered with turf elsewhere. On the east, (x to 
y,) we have portions of strata which once overtopped the trap, and 
spread far to the south and north, hut are now cut away to a mere 
remnant, which has been sheltered by the firm trap from farther 
denudation. The small diagram in the comer of the preceding 
Figure, showing tho form of the hill on the horizontal plane, ■will 
make this better understood. The cross-lined space is the head of 
trap, and the point z v is the tail of soft strata, which has been cut 
away to a small breadth. That tho trap has not been cut away 
laterally to any great extent, is proved by the opening lately made 
at the gas-works in New Street. Tho sedimentary strata were 
found here in their usual position, quite undisturbed, within 30 or 
40 yards of the south flauk of the trap, where it forms a precipice 
100 feet in height, and descends probably as much below the level 
of the Hlrata. On the top of the hill there are but a few inches of 
turf, even in tholeast exposed ailuations ; but on the lower eastern 
slope we have a covering of earth and clay, («, m,) from six lo 
twenty-five feet thick. Tho clay contains many stones, a few of 
^4 or 30 inches diameter, hut the far greater proportion not exceed- 
ing a foot. They are generally of the trap and sandstone of the 
hill ; hut I have seen rolled fragments among them of the very p 
culiar sienitie greenstone of Corstorphine HUl. The clay has p?" 
lions of sand mixed with it at socne parts. 



There is a greenstone vein, about twelve feet broad, exposed □ 
the footpath passing down to the Royal Terrace ; and it is als 
seen on tlte declivity below. It is probably a branch of the great , 
vein which passes along the north foot of the hill, to Lochend. \ 

The stratified tuff which is seen opposite Bridewell, and in other 
parts of the hilJ, shows that the trap bads had been deposited on 
surface of the sedimentary rocks, not injected among them. But 
any extended thoorcticiU view of the formation of the hill, is ren- 
dered unnecessary hy the remarkSi previously made on Arthur's 
Seat. 



THE CASTLE HILL, 

Tns hilt on which the Castle stands ii a mass of basaltic clinkstone, 
about !)00 feet in length from north-west to south-east, and about 
700 in breadth in the transverse direction. It is a remarkably bold 
picturesque rock, bounded by craggy cliffs on all sides, except at 
the soiitn-east angle, where it joins the ridge on which the old town 
stands by a narrow neck. The mass of clinkstone is surrounded 
on all sides by sedimentary strata ; and its relations indicate that 
it had been protruded from below in a solid state after the strata 
were deposited ; that in its ascent it had pierced, fractured, and dis- 
turbed them ; and that the part of it visible may be considered as 
the summit of a vast column, reaching probably to a considerable 
depth downward. The rock is of a blue colour and Gne grained, 
and contains a few grains of pyrites. Its numerous parallel flssures> 
chieSy in a direction approaching to the vertical, exhibit a sem- 
blance of stratification ; but the appearance is merely superficial, 
and due probably to the mode in which it cooled from a state of 
fusion. 

The following section shons its relations to the rocks on the east, 
forming the ridge on which the old town stands : — 

Pig. 23^ 

b, The column 

of basaltic clink- 

e/ff. The strata 

imder the High 

Street, extending 

^ a mile eastward, 

and dpping to the east (more correctly E. by N.,) at an 

angle of 15". 

, A'.portioD of the strata adhering to the trap under the half« 

moon battery. 




A part of the strata efg, are laid bare on the New Approach 
under the Esplanade; andthecreat of a portion of them was exposed 
in 1B33, in opening a trench for gas-pipes from the Tron Church 
to the Castle Hill. I esamined it several times ; and from ocular 
inspection, and questions put to the vorkroeui I learned, that nearly 
the whole consisted of red and blue slate day. At the EapUnade 
also, four-fifths of what it visible are of the same soft and feebly 
coherent substance, with only a very few beds of sandstone iuter- 
mixed ; and we can thus the more easily comprehend how it would 
be cut away hy a powerful currant, till it asEumed the form of a 
long narrow ridge, protected at the head by the column of basalt b. 

c c, A bed of alluvium of variable thickness covering the ridge. 

The mass of basaltic clinkstone, as already observed, is about 
900 feet long from S.E. to N.W., and 700 feel broad in the trans- 
verse direction. The subjoined diagrams are sections. No. 24 in 
ihe direction of its length, No. 25 in that of its bre;idth. 




N, The north end of the trap rock, whlcli rises in a vertical pre- 
cipice about 100 feet above the surface of the gardens in the 
North Loch. The soil under N, consists of clay and debris. 
St The south end of the rook, which rises nearly 250 feet above 
the road at thoklng'ti stables, and 150 above the west ap- 
proach. The soil here consists of debris. The double line 
along the head, is meant to show how the castle walls risi.- 
by successive steps to B. 
B, The highest part of the rock is under this letter, near the 
chapel. It IS 434 feet above the sea, and 287 feet above the 
surface of the gardens in the North Loch at N. 
. Fig. 35, is a transverse section of the Castle rock passing through 
^ new Irarracka and the governor's house. -h 

- .E, Tho cast side, within the gardens. ^H 
f yF, The west side, also witliin the gardens, and near the P<^H 

- bridge. ^B 
a a, The walls of the castle. ■ ^ 
The sedimentary strata are not visible at £ ; but their eiistence 

here may be inferred from tlieir appearance a short way eastward. 
On the north-west side the strata are seen at a seat in tho gar. 
deus, dipping northward and eastward, (or in towards the trap. ) 
About 1 20 yards westward from this, they dip north- west ttt 4i' or 
50°. Thus, at a point near the Castle, probably 80 or 100 yards 
from it, the dip of the strata is reversed. Tliia is aiiown at W, 



CASTLE HILL. 54 \ 

and above a, in Fig. 23. Something' analogous Is seen uu 
south-east side. Nearer the bridg-e, on the nest side, the straU 
seen in contact with thti trap. They consist of sandstone, and Sjfi 
north-west at a pretty liigh angle, presenting their edges to the tra[it'^ 
neither incUocn from, nor towards it. The sandstone haa a. deep I 
red colour, is hard, and, at the point of junction, presents the ap- ] 
pearance of vertical lamina, parallel to the surface of the trap, ] 
leaving us in douht whether it is not really a mass placed on eda;!), 
and the traces of a northern dip a delusiou. The trap, also, is diB- { 
coloured to the distance of n foot from the junction. 

The sedimentaiT heds at W, rise to a point x, about BO feet above 
the cart-road passing under the bridge. They are thickly covered I 
by the debris of the trap, except at the two points where they have 
been artificially laid open. 

I hare stated that the sandstone at W, and the trap in cor 
with it, are both discoloured. The inference is, that the trap was ' 
hot when it was protruded from be'low. It would seem also to have ] 
been soft, perhaps viscid; for Lord Greenock remarks that "■» 
in the Castle walls, fragments of sandstone are imbedded in it . 
yet it certainly was not liquid, at least in the exterior parts, for if ] 
so, we would have found veins proceeding from it, at the fine see* I 
tion under the haif-moon battery, (Fig 26,) where the ruptured. I 
fragments must have presented many interstices, into which a fluid " 
could easily have penetrated. Indeed, the groovings on the 
face of the trap here, prove that it had been moved after consoli- 
dation. But the exterior parte, being in contact with the cold I 
strata, must always have consolidated first, and lience an intruding^ 1 
mass of trap might be firm, but still hot, while the internal par^ J 
were liquid. The curious phenomena of metallic veins, howeveiyj 
lend some countenance to the idea that igneous and sedimentary T 
rocks placed in contact, may undergo a mutual change of constit 
tion from the influence of electricity, or some analogous agent. 

Tig. 2G. 




56 GEOLOOT. 

ThU very interesting section is on the now approach, under the 
south cod of the half-moon batteiy.' 

a, b. The basaltic clinkstone, the oaBtera boundary of which oon- 

ksists of a slightly waving vertical plane, running north and 
e,d, A confused mass of large blacks and fragments of sand- 
stone, intermixed with blue aitd rod slate clay. The blocks 
of sandstone are of all sizes, up to 10 or 12 feet in length. 
The fine lines represent the lamina of the slate clay. The 
space occupied by these fragments, from the trap a b, to i, 
is about S£ feet in breadth, and may be considered as a great 
fissure produced by the rending of the strata, and afterwards 
filled by broken materials falling in from above. The entire 
height up to the Castle nail, is nearly 100 feet ; liut that of 
the part shown in the Figure is onlj about 70 or 80 feet. 
e, A portion of a bed of saadstoua sis feet thick. There is 
another in a parallel position, three or four yards above it. 
/, A bed of sandstone, two feet thick. 

I, k, A bed of sandstone parallel to /; about two feet thick at the 
west end, and thinning off on the east. 

»y, A bed of sandstone, two and a half feet thick. 
ii, A bed of gandEtono, about eix feet thick. 
nil n. Very thin beds of the same, 
a^ X, 7, X, Soil and herbage. 
The fine lines represent tho elato clay, and show the direction 
which its lamina; eitend. It will be observed that those between 
n and /(, are transverse to those between i k, and/. Various ex- 
planations have been given of this phenomenon, which, however, 1 
shall not stop to examine. 

From b, to the bed h, the distance is about 250 feet. The section 
is not vertical : the surface is inclined at an angle of about 50°. 

The beds h m a, show tho position of tho strata under the old 
town ; theae strata extend nearly one mile to the eastward, and all 
dip to east, at various angles from 12 to 20, averaging perhaps 
about 15". The beds e, i k, and g, have a westeni dip whore 
they approach the trap, and are nearly level farther east. This 
unconformable position is evidently caused by the upheaving of the 
clinkstone, the disturbing influence of which has extended 2fi0 feel 
to the east. The general effect of this arrangement of the rocka 
is represented in Fig. 23, at d e, divested of the detMls. On enter- 
ing the outer gate of the Castle, a portion of strata, some yards in 
thickness, wiU be seen about 100 feet to the left of the guard-house, 
under the south end of the half-moon batten-, having the same 
dip OS e, in the preceding Figure, and presenting their raised and 
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truncated ends lo the oast. On the right of the guard-bouse, how- 
ever, under tho north end of tho aame battery, a mass of strata, 
im. Fig. 23,) 19 exposed dipping to tlie east. These seem to coo- 
siat of portioDE of the strata burna up with the trap, and adheriog 
to it, without changing their position ; while the otlier, which either 
incline to the trap, or are horizontal, bad been Ghakcn, bent, and 
ahifted, by the disturbing movement, of which we have such strik- 
ing evidence in the fragments filling the space between i and the 
trap rock b. 

At b, close to the road, some yards of that part of the surface of 
the trap are exposed, which had boon in contact with the aediraen- 
tary rocks. It is Gmootbed, and marked with grooves ivhich are 
nearly vertical, suggesting the idea, that in its ascent from below, 
it had been abraded by the fractured ends of the sandstone strata. 

Since it appears that the strata oil the opposite sides of the Caatle 
rock (neglecting the small portion in contactwith it) dip in opposite 
directioDS, those on the east side eastward, and those on west side 
westward,thequeationarises,ivhetb«r tho intruding trap, in ascend- 
ing from below, moved them into this inclined position? That it was 
the agent by which the change was. in part effected, scema proba- 
ble. If we aasumo that the original position of the strata was 
horizontal, and that the clinkstone mass, pushed up in the solid state, 
broke and pierced them, wo would expect to find the fractured 
strata, if not afterwards disturbed by other canses, leaning against 
the trap, and dipping away from it on all sides. Wo might also 
account for the anomalous position of the portions of the beds 
nearest the trap, (at a and <l, Fig. 33,) by supposing that the column 
was hot when it ascended, and having iuterwards cooled, it shninlcf 
as all bodies do in the process of refrigeration, and, in subsiding, 
carried the adhering ends of the strata down with it. According 
to Mr Adie's very careful experiments, the linear contraction of a 
column of Ratho greenstone, in cooUng through tOOO degrees of 
Fahrenheit's scale, (namely, fi-om a red beat to that of our climate,) 
would he about 4^ feet for every lUOO. Supposing this to be the 
amount of the change of temperature, and the ends of the strata 
to be bent downwards 20 feet, the column of trap would require to 
be 4400 feet, or four-fifUisof a mile in length, to account for the 
change of position. That the trap was hot when it ascended, may 
be inferred from the discoloration it lias communicated to the sand- 
stone, and undergone iL^elf, at the point of contact ; and that in 
cooling it would contract both in leng'th andhreodtb, is certain; but 
our knowledge of ail the facts is too limited to enable us to arrive 
at positive conclusions. We are ignorant of the length of the trap 
column, and its temperature at the time of its ascent, and as for the 
altered position of the sandstones e, i k, and g, it may be the simple 
effect of disturbance. 

The position of the strata in the southern districts is precisely 
the same as under the High Street. This was shown by openings 



in Nicolson Street, near Snrgoon'a Hall ; in Lothian Street, at 
the fuundatlon of the Catholic Chapel ; behind Broim Square, at 
tlie foundation of George IV. Bridge, and elsewhere. The E.N.E. 
dip of the rocks, 1500 feet south from the High Street, and 2000 
feet from the Castle, could not be the consequence of the upheaval 
of the mass of basaltic clinkstore ; for if so, the inclination should 
have been S.E., that is, nearly at right angles to what we find it. 
At Keir Street, ag^n, 1000 feet south from the Casile, the dip is 
slightly north, of course the reverse of what it shonld have been. 
At the deep opening 500 feet south-west from the Castle, iulended 
for B street, (marlced Grindlay Street in Kirkwood's map,) the dip 
is not S.W., that is, away from the trap inasB, but N.W., at 10^ 

It thus appears that the arrangement of the rocks jill round the 
Castle, is not such as the simple action of the mass of trap upon 
horizontal strata, which it pierced and upraised, would produce ; 
yet the appcarauces in the section, Yig. QG, clearly show that it did 
alter the position of the strata to some extent. Besides a thousand 
geological facts prove, that trap has been a chief, though not the 
sole agent, in throwing iha sedimentary rocks into the infinitely 
varied positions in which we find them. Perhaps the most legiti- 
mate conclusion is, that the trB.p rocks visible, are to some extent 



a greater extent the «3n, of disturblngir 
which had their origin at a depth under the surface. Trap is abun- 
dant in the district, as will appear from the following enumeration 
of beds and veins independent of those in Arthur Seat, iho Calton 
Hill, and the Castle, 

The great vein of greenstone, 60 feet broad, passing through 
Ommmond Place, Broughton, and by Quarry Holes, to Lochend. 
Two thin beds in Lothian Street, exposed in 1817. 
A bed in Merchant Court, Cowgate, at the foundation of Goo. 

IV. Bridge. 
A bed abound three feet thick, was found in sinking a well in 
Mr Berwick's brewery, Canongate, It is perhaps a con- 
tinuation of St Leonard's bed, which is seen at St John's 
Hill, 1000 feet aouthwards. 
A thick bod at Bell's Mills, at the bridge. Two veins at the 
Mineral Wells at Stookbridge, which, by their nnraorous 
RsBures, serve as conduita for the mineral water. The one 
is about 12 feet broad, the other 6. 
A bed behind Bread Street, at the cutting made for Grindlav 

Street. 
A vein was met with by Mr Jardine in timnelling betwiit 

Watson's and Horiot's hospitals f6r the Waterworks. 
A vein was found in the east part of CanonroiUs in cutting a 
drain, and one westward of the village, in Mr Eyre's ground, 
(Mr Jardiue.) 
Considering how sroall a part of the surface has been exposed 
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eince geology was studied here, wg may s&felj ossumo thiit the trap 
beds Mui veins obfierved, bear a very small proportion t(» llie entire 
number existing. I have applied the term bttls to those masses 
which lie conformably among the strata, tbgngli thoy may with 
equal propriety be considered a9 veins, eince tliey have generaUy, 
if not universally, been iajeded among the strata, instead of being 
laid down upon them, as one sedimentary rock Is deposited above 
another. Iq one respect, howovor, they differ from vertical veins 
cutting across the strata, such as those at the Mineral Well, and 
the great vein at Lochend, as the latter have probably in some cases 
been tilled from above, or from a mass of liquid trap at one of their 
extremities. The matter of the great vein, for instance, bus been 
supposed to have flowed from the trap of Corstorphine Hill, into 
the Assure where we now find it. The erupted traps, thorofor^ 
namely, the Castle rock, and the various beds and veins, may be 
considered as eitravasated portiona, belonging to a larger mam 
now, or once existing, at a certain depth below, and affording cleac 
indications of its disturbing agency. 

The strata under the High Street were exposed In 1S35 from 
Niddry Street to the head of the West Bow, a distance of 1500 
feet, A very few beds of sandstone were found, from one to four 
feet thick; but nine-tentha, or more, consisted of alternations of 
blue and red slate clay, which were generally very soft. The same 
sort of rocks were found at the Gas-Works in New Street, at Mr 
Berwick's Brewery in Wilson's Court, Canongate, and there is 
little doubt that they extend to tfae Abbey. No trap was found in . 
any part of the line, except the thr«e feet bed at Mr Berwick's j 
and, as not unconnected with this absence of trap, I may observe, 
that the disposition of the strata is extremely regular. They uni- 
formly dip to the east, or more correctly £. by N., and at an angle 
averaging probably 1$°. The distance from the Castle to the , 
Abbey being almost precisely one mile, the true thickness of the 
beds will bo about 1200 feet, and the number of alternations of blue 
slateclay, red slate clay, and sandstoae, estimating them at 16 inches 
on an average, wilt be 800. Of the entire series, the sandstone 

Cbably does not constitute one-tenth. There is perhaps a little 
estone and clay ironstone, thougli I did not observe th^m. It 
is this absence of firm rocks which had enabled the diluvial current 
to cut the strata away bo closely on each side, and form so sharp 
a ridge. 

I iave no doubt ihat a deep JissuTe, or fault, extends along 
the /lollow of l/ie North Loch ; for the strata under the New and! 
the Old Town are placed in positions altogether dissimilar. Owingi 
to a. thick bed of diluvium which cavers much of the site of the 
New Town, the rocks are rarely seen ; but the strata were well 
exposed last year at the New Club-Room ; and I am indebted to 
the kindness of Messrs Graingor and Miller for notices respecting 
those in the line of the Mewhayen. Railway. From these I fln£ 



t Cue strata under the cast side of St Andrew's Square are liori- 
l zontal about the middle, but decline a little to the soutli on tbe south 
dde, and to the north on the otlier. Of 6G feet pierced, more than 
I irine-tentlis waa state clay. At Queen Street lane, the dip is 1 in 
r 5 to the north. At the New Club-House in Prince's Street, 
,' tfie dip was north-west, at angles from 30° to 40°, and nearly tbe 
[ vhole, in the space of 60 feet, was blue and red slate clay. At 
r.die West Church Manse, beds of slate clay were exposed 100 feet 
llMck, dipping north-west at 45° or 50°. At Butland Street, the 
■hTftrata dip north-west at 45°, but here sandstone abounds. In Mel- 
W ylUe Street, and at the west end of Maitlaud Street, the dip is the 
■ ;iune. Thus, speaking generally, we may say that the strata imder 
flbe New Town, from St Andrew's Square westward, dip north-west 
\tll a 'ery high angle ; while those under the Old Town, placed 
F'pirallul to them at a distance of 700 or 1000 feet, dip uniformly U 
f the cast. This will be rendered more intelligible by the subjoii — 
' diagram : it Is a ground-plan or horizontal m 




, The trap rock of the Castle. 
, The trap rock of tho Calton Hill. 
a, b, Tho strata under the New Town, 
r C, d. Those under the Old Town, eastward from tho Castle. ^ 
i g, z. The supposed fissure Qtjault, running along the holloirM 
parating tho New and Old Town, called the North Loch. 
• ,T, The point in St Andrew's Square where the strata are hori- 
zontal, and from which they decline in all directions. 
The lines mark the direction of the strata, or the appearance 
Itirar outcrop edges present on the horizontal piano; the arrows 
'ww the point of tho compass to which they dip ; and the accom- 
^jMiying numlters, the degrees of inclination, so far as known, 
r Xbe eastern dip between r and C is merely inferred, tho strata not 
Mng visible. 

The strata on the west side of tiie Castle, perhaps as far as Ports- 
burgh, agree with those of the Ucw Town, m dipping to the some 
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point ; but a sudden and great change in the degree of inclinatioa 
takes place between Griailla; Street and the ground at the Unita- 
rian Cbapel near e, which leads me to think that the supposed 
fissure in the North Loch takes a bend here in the direction of tha 
dotted Hne g, e. I am aware of the Etumerous inflections which the 
strata often undergo without fractures ; but the difference of posi- 
tion herej betwixt the rocks under the Old and the New Town, 
seenis to me too abrupt and too great, to be accounted for without 
supposing a rupture of continuity. The cause of a change so 
complicated, however, cannot be explained, without the assumption 
of Tarious upheaving^ and subsidences, a Aill discussion of which 
would be out of place in this Sketch. 



1 



The coat of clay, sand, and gravel, which covers the solid rocka, 
except at a few points, presents some interesting objects of inquiry. 
It is, like the sedimentary rocks, generally the product of causes no 
lunger in action, (at least on the dry land ;) but as it b the latest 
prodnct of these causes, its origin, and the peculiar circumstances' 
which attended it, should be more within the reach of investigation. 
In this district it consists of three descriptions of matter : 1. A stiff 
blue or red clay, with rolled stones, the " older aUuvium," which I 
call t/i'ftmium; S. A softer clay, with rolled stones ; 3. Sand, or 
sand mixed with gravel. The two latter constilnle the " newer 
aUuvium," which I call simply aBttoium. Older and newer aUu- 
vium are unquestionably the more suitable terms ; and my sole 
reason for preferring " diluvium" and " alluvium," is their greater 
brevity and distinctness. I need scarcely add, that the former term 
is not used with any reference to the deluge recorded in the Scrip- . 
tures. The general opinion of geologists now is, that there hava 
been many local deluges, some of them since the appearance of 
man on the globe, but no universal deluge ; and it is evident that a 
deluge, submerging all the parts of the earth inhabited in the age of 
Noah, would attain the object for which that calastropbe was sent. 





map. The letters La (he map icod aeclion correBpond. 



In this mim^^^ ' 
ture map, A is 
the Caatlc; S, 
Salisbury Crags, 
with Arthur's Seat 
behind them : C, 
the Calton Hill. 
The cit; stands on 
l/iree ridgts, d, e,f. 
separated and 

bounded by the 
four swampy hol- 
lows, g, h, i, k. 
This will be better 
understood from 
the section below, 
which nins south 
and north along 
the line g k in th« 




The section shows the three ridgea in conneiion with the trap 
hills C, A, B, to which they apparently owe their existence. The 
figures under tbe letters g, d, h, e, be., denote the various elevations 
of the ridges and hollows, in fuet, above the loTel of the sea. The 
part marked by oblique lines represents the rocks ; aud the narrow 
belt of dotted epiee over this, is the alluvial mailer. The horizontal 
fti^tance from ffSv his about 2300 yards, or li^ mile. The elevation! 
Pkre a little exaggerated. 

g, The meadow extending from Silvermills to CononmiDs. There 
is a great depth of sand hero, probably 30 ur -Id i'eet ; un<1cr 
this lies a bed of clay, which, northward at the Botanic Car- 
den, attalus a depth, 1 believe, of 80 or 100 feet. 
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rf, The ridge on vhich the New Town is built. 

C, The CalCon Hill in oatline, wliich stands at the eastern ter- 
mination of the ridEe d. 

h. The North Loch. It was formerly a lalce, and conetitutod 
the best defuQce of the town on the north aide, in earlf 
times. The bottom is slill maraliy, and there is a great 
depth of alluvial matter in it. 

e. The sharp ridge on which the Old Town stands, about 100 
yards east from the Caitic, 

A, The trap rook, of the Castle in outline, which is at the west 

eitremity uf the ridge. It rises about 260 feet above h, tha 
marshy surface of the North Loch. 

», The hollow occupied by the Graasmarket, which is continued 
eastward by the Cowgate. It was once a marsh ; for a. 
black, substance, of the nature of moss, was found at various 
depths from six to fiiteen feet, below the level of the Cow- 
gate, at one of tise piers of George IV. Bridge, and at tha 
foundation of the New Courts, south side of the Parliament 
Square. At the latter a remnant of the eity wall, erected in 
1450, was laid bare ; and in the mossy soil below it, about 
three or four feet under the foundation, were found a num- 
ber of entire skeletons, showing that the ground hud been 
used as a burying-place long before the wall was built.* 

/, The ridge on which the Southern Districts are built. 

B, Salisbury Crags and Arthur's Seat in outline, which are si- 

tuated near the east end of this ridge. 

k. The Biirfoce of the Meadows, a hoUow filled with alluvial 
matter. 

A little reflection shows that the three ridges d, e,f, owe their 
existence to the denuding action of a powerful current of wt 
flowing from the west, and impeded in its course by the three trap J 
hills A, B, C, The ridge t, on which the Old Town stands, affordi \ 
a. beautiM example of what Sir James Hall termed " Crag and 
Tail." The column of firm trap A, is about 900 feet long by 
700 broad; and its summit projects about 80 feet above e, the 
highest part of the strata forming its tail. These strata, which, as 
formerly observed, are very soft, sink lower and lower as we pro- 
ceed eastward, (see Fig. IT.) The marshy surface of the North 
Loch h, is about 280 feet below the summit of A, and the rock is 
perhaps 30 or 40 feet lower still. The ground on the west side of 
the Castle is probably 260 feet belaw A : and the Grassmarkel,yb 
about 230 feet. Immediately eastward of the Castle, the sides « 
the tail ridge e are steep, and laterally as well as vertically quite 
within the shelter of the column of basalt. As the ridge recedes 
from this protecting column, its crest sinks lower and lower ; its 
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vIbAbs become fiatter, and it loses itself ii 
' ibej', about a mile from its head. 

place a mass of tenacious clay, with a st 
the current of a brisk stream of valer, it win assume 
exactly the form of the ridge we have been describing- We shall 
find a ridge or tail of elay in the comparatively still water behind 
the stone, and tapering ailj and losing height, as it recedes from 
the protecting object : on the opposite side of the stone also, where 
the stream U checked by its resistance, we generally find a lower 
and flatter ridge ; but close iii front, where tlic water, accumulated 
as it were, seeks a passage laterally, there is a hollow, and on each 
flank of the stone the clay is swept entirely away. The Castle 
rock in this case represents the stone, and the ridge under the High 
Street the tail. The valley which the Caslle Bridge crosses, is the 
hollow worked out by the pressure of the water in front ; and the 
North Loch on one side, with the Grassmarket and Cowgate on 
the other, which were once marshes, are the deep channels exca- 
vated on the flanks of the resisting object. The ridge in front is 
wanting, but we And it in connexion with the other heights. 

The long swell d, on which tfae New Town stands, owes its ex- 
istence to the Calton Hill, (C, Fig. 36.) which, checking the cur- 
rent of water iu its progress eastward, protected the rocks from its 
more violent agency.' There is a higher and sharper ridge on the 
east side of the hill, extending fully half a mile from the trap- 
Arthur's Seat and Salisbury Crags (B, Fig. 29) would iu the same 
way occasion an abatement in the action of the current in front of 
them ; and the protection thus afforded to a portion of the strata 
directly west from them, scents obviously tho cause of the long 
swell f, between the Cowgate and the Meadows, on which the 
Southern Districts of Edmburgh stand, and which abuts, as it 
were, against the hill. The cavity of the Hunting Bog, between 
the hill and the crags, in the first place, and that between St Leo- 
nard's and the crags, in the second, would be hollowed out by the 
arrested current seeking a vent laterally. 

The action of the current in hollowing out a cavity immediately 
in front of the resisting object, is shown in the diagram below. 




Fig. 30 is a section lengthways (east and west) throug-h the 
ridge on which the New Town stands. C, the Calton Hill ; u, 
the hollow in front of it; rf, the ridge of the New Town. We see 
the protecting influence of tho hill even m the thickness of the 
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alluvium, marked by a dotted space. At Melville Street and Mait- 
land Street, fully one mile west from the hill, it is only two, three, 
or four feet thick ; at the New Club-Boom, half a mile from the 
hill, it is six or eight feet thick ; at the south-eaat and north-east 
comera of St Andrew's Square, 300 yards from the hQI, I learn 
fifom Messrs Grainger and Miller, that the thickness is no less than 
twenty feet. 

Fig. 31, a section east and west through the Castle. A, the trap 
rock of the Castle ; to, the hollow in front of it, the bottom of which 
is about 100 feet below I, the swell of the ground towards the south 
end of theLothianRoad. The alluvium is very thick in the hollow 
10: on the west gideitoonaistsof soil andstones ; on the east, of the 
debris of the trap. When the new bridge w&s building here, peat, 
with some small branches of trees, were found about 17 feet below 
the surface, showing that the morass of the Cowgate and North 
Loch had extended completely round the west side of the Castle. 

The great current, acting of course with double viotenco un the 
flanks of these hills, tore up the strata to a greater depth ; and there 
accordingly we find, m each case, either marshes or low grounds. 
Thus, Arthur's Seat has on one side the marsh n, (Fig. 28,) called 
the Ifing's Meadow, 102 feet above the sea, and of unknown depth, 
which had evidently beeu continued at one time by o, to the Water- 
ing'Stone at the east end of the hill. On the south side it has 
DuddingrstonLochp, the surface of which is 120 feet above the sea. 
The North Loch A, must in the same way have extended at one time 
along the North Back of the Canongate, by m. At the College 
Church it is 130 feet above the sea, and 70 feet below Prince's 
Street. Directly in front of the hill, we have a hollow which de- 
scends suddenly about 40 feet below Prince's Street ; and even at 
this depth the alluvium is swept away, and the rock laid bare. 
Passing round the norlh flank of the hill, where the current had a 
clear sweep, it has hollowed out a cavity behind Greenside Place, 
about 100 feet lower than Prince's Street. The Castle is flanked 
by the North Loch A, and the low ground i, from the King's Stables 
to the Cowgate, which, ae already stated, was once a marsh. Each 
of these depressions of the soil is extremely well marked, and the 
flanks of the hills above them are steep and hare, showing in the 
most distinct manner that these were the spots where the force of 
the current acted with the greatest energy. 

The hollows of the North Loch and Cowgate are what the £ug- 
lish geologists call " valleys of denudation ;" but in reasoning on 
such cavities, scooped out by groat currents of water, we must not 
forget that they are complex results, depending on local ine^jualitiei 
in the hardness of the rocks, as well as on the force and direction 
of the current. 

We have other and even more palpable proofe of the existence 
of a great current from the west. In the Prince's Street Gardens, 
east as far as the Mound, masses of the trap of the Castle rock are 



found strewed over the surface, of oU sires up to two or three cubic 
yards. Hundreds of similar boplders arc unquestionably buried in 
tbe soft silt vf the North Loch. In opening up a/leep drain at the 
east end of the esplanade, on the south slope, in 1830, six or eight 
blocks of the trap, from three Co four feet In diainiiCer, irere found 
amidst the clay, within a very limited space. A large stone of the 
samo species lay for many years near the door of the old Gaelic- 
Chapel. In cutting away the soil behind the Advocates' Library, 
eight or nine years ago, two huge blocks were exposed, one of them 
a cube of six feet, which must have weighed about 16 tons. This 
was 1500 feet east from the Castle gate. Now, all these belonged 
to the baaoltic clinkstone of the Castle rock; and the characteristic 
fact is this, that te/iile numbers of l/iese maises are strewed over the 
surface lo the eastumrd, none of any notable size are found to the 
westward, beyond the line to which fragments falling from the roek, 
in the progress of disintegration, are carried. When deep trenches 
were cut, and spaces opened for streets, on the slope between t 
and w, ahout'seven or eight years ago, I examined the ground re- 
peatedly, and never saw a mass of the Castle rock equal to half a 
cubic yard, though travelled fragments of greenstone exceeding 
this size, from distant localities, aud many large angular blocks uf 
sandstone, were met with. 

Distinct marks of the action of the current can t)e traced on the 
precipice which forms the north end of the hill, (at N, Fig. 24, 
page 54.) At various places, from 20 feet above the level of the 
garden, up to the Castle wall, the surface of the trap rock may be 
observed curiously smoothed and polished, and sometimes scratched 
horizontally. These dressings, aa Sir James Hall termed them, 
can be seen to best advantage about three or four o'clock in a 
bright day, by the observer stationing himself on the cross walk, 
near the stone pillar, bo as to catch the reflected light. In dull 
weather they escape notice ; but when the light is strong, they are 
so distinct that every doubt is removed, and the experienced obser- 
ver is instantly led to conclude, that the rock had been exposed to 
abrasion to the height of 100 feet above the surface of the gardens, 
and that this abrasion must have resulted from the motion of stones, 
gravel, or sand, borne along horizontally. As tiie rock is subject 
tu disintegration, and portions fall off from time to time, these marks, 
of course, ore only to be seen at particular parts, and not along the 
whole surface. On the south end of the rock, a few feet under the 
level of the. King's Bridge Road, a projecting portion of the rock 
was laid bare, exhibiting the same traces of abrasion. 

The currents of which we are speaking must have been oceanic 
currents, and the rocks in this (juarter seem to have lieen exposed 
to their denuding action in two different directions. The first, from 
the north-west, had stripped off' much of the upper strata, which 
were shattered and disrupted by faults and intruding veins and 
mosses of trap. "Vie see its effects in the humbled and rounded 
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form of the north end of the Castla rock, (see Fig'. 24,) whicli, as 
moat exposed to its violence, has been worn down to the extent of 
80 or 100 feet beneath the tcv^il ofthesoutb end; we see, too, that 
the strata have been torn away from its north-east side, [at E, 
Jig. 25,) where a westerly current could scarcely affect them : 
linally, we observe thai the Isthmus of sedimentary strata, con- 
necting the Castle rook with the ridgo under the Old Town, which 
shouli have been at the middle of its east side, if the denuding cur- 
rent had come only from the west, is in reality at its sonth-east cor- 
ner. When this current ceased to act, the strata on which the New 
Town stands probably formed one irregular inclined plane to the 
esplanade, and prolonged again from the esplanade to the site of 
Horiot's Hospital. A second current, at a later period, from west, 
or west by south, scooped out the Worth Loch, and the hollow of 
the Grnssmarket and Cowgate ; and to the lalter, the dressing$ on 
the face of the rock, the deposit of clay on the surface, and the 
rlistribution of the trap boulders, may be attributed. 



Since tlieae sheets were printed, I find that the quarry in the 
greenstone vein near Lochend, alluded to at page 27 as now open, 
has ceased to be worked since I visited it, and is now filled up. 

I should have mentioned, that the section of the Calton Hill, 
p. 50, borrowed from Mr "Webster, was a class section, produced' 
by that able geologist when he was a pnpil of Professor Jameson's. 
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;loweh. basin of the forth. 



ibject, as previously stated, iraa merely to describe 
: and the Fenttaud Hilla ; but thinking it desirable 
to show the g^oological relations of these with the adjoining parts 
of the basin of the Forth, the fnllowiiig skslch of t)ie district from 
the Lammermuir to the Ochil HiUe waa prepared. It U the result 
of a partial and hast; survey, and, with trifUng exceptions, is de- 
rived from personal observation. It is necessarily inconiplel« in 
many roBpects, and probably includes not a few positive errors. 
In eitonuatioQ of its imperieclione, I can only plead, that I had 
not time to make more careA^I researches myself, and that I have 
made the best use I could of the labours of others. 

The district to which the remarks in the following sketch apply, 
is about forty miles in breadth from north to south, and nearly the 
same in length from east lo west, comprehending the greater part 
of the counties of Edinburgh, Haddington, Linlithgow, Fife, and 
Kinross. Its southern boundary is the range of the Lamroermuir 
and Moorfoot Hills, and its northern the Ochils. It constitutes 
three-fourths of what is called the hydrographical basin of the 
Forth. 

The greatest elevation of the Lammermuir Hills within the dis- 
trict, is aboat 21IX) feet above the sea ; that of the Ochil Hills nearly 
the same; that of the Pontlands IflOUfeet. 

The Firth of Forth occupies a hollow in the middle of the dis- 
trict ; but the geologist regards it merely as a lower part of the 
plain. The deepest part of the Firth, except a small depression at 
Queensferry, scarcely exceeds 20 fathoms, (120 feet,) or about half 
the height of the Calton Hill above its base on the south side. If 
the water, therefore, were withdrawn, the low shores of Fife and 
the Lothians, connected by ground so nearly of the same level, 
would present the appearance af a continued tract of carse land. 

A striking uniformity will be observed in the courses of the 
rivers, which generally run in a north-east and south-west direc- 
tion. See, in the map, the Avon, the Almond, the North Esli, the 
Tyne ; and the Eden, the Orr, and Devon, in Fife. This results 
&ota two causes : the elevation of the ground, and the position of 
the strata. A stream rarely taltcs the shortest route to the sea, or 
flows down the steepest declivity ; but, after escapbg from the in- 
terior of the hills, and coming among the stratified rocks, finding 
the beds of very unequal hardness, it cuts a channel in the softer 
ones, and continues to run on the edget of these, till some obstacle 
conpeli it to turn laterally and cut acros* the strata. Having: 



gained a loner level by tills operation, it Bcoks out a, new chaimelj 
ae before, on the edges of tlie softer strata, till the elevation of the 
(SjouDd again forces it to make another transferee cut. Thus tha 
Water of Leith flows parallel to Pentland Hills as far as Colinton, 
and at a higher level than that to which a course of the sam« 
length, directly away from the hills, would have conducted it. At 
Colinton it lurua suddenly to the north-west, for half a miie ; and 
here it has excavated a passage across highly inclined beds, and 
formed a deep anii pieturesque ravine. We have similar eiamplea 
in the remarkable turn which the Avon takes about a mile below 
Lialitligtiw, in Bevelaw Sum, and elsewhere. It is probable, 
however, ihat fissures in the strata, produced fcy faults, have la 
some cases opened channels for streams, and determined their 
courses, in lines at variance with the direction of the strata and 
the declivity of the sarface. 

The rooks which present themselTes at the surface, in this dis- 
trict, belong to the two great natural divisions of sedimentary or 
ilratjfifd, and ipneaus or erupted rocks ; and they are all compre^ 
headed in the Transition and Secondary classes of Werner, 

The SEDiMBKTAitT RocKij may be conveniently divided into 
jfue QRODPs or formations, beginning with the lowest. 

1. Greywachi and Clay Slate, in strata nearly vertical. 

2. Old Red Sandsbaie, resting on the edges of the greywacke 
and clay slate. The continental geologists consider this rock as K 
" newer greywacke ;" and the term is sufficiently appropriate to 
what eiists in the Pentland HiHs ; for it consists generally of a »] 
greenish or bluish'grcy rock, composed of the detritus of the clay 
slate and greywacke, or of a conglomerate formed of rolled masses 

of the same materials, and has no resemblance to what is familiarly 
fcnowti by the name of sandstone. To avoid confusion, I Lave ap- 
plied the word conglomerate to all the varieties of this rock in Pent- 
land Hills — to the floe granular and- compact, aa well as that which 
consists of rolled masses. 

3. Above this, we have a group corresponding partly to the 
" mountain limestone," partly to the "-old red sandslono" of the 
EngUsh geologists. Borti of these terms seem inappropriate here. 
The limestone occurs okiedy in thin hods, often widely separated 
fromeaoh other ; and its aggregate depth, compared to that of ths 
seriea associated with it, is so inconsiderable, that the term " momt- 
tain limestone" is altogether unsuitable. Besides, it cannot easily 
be separated, either from the coal measures above, or a rock cor- 
responding to the old red sandatono of the English geologists be- 
low ; and thus it wants the definite character of a distinct forma- 
tion. On the other liand, the thick beds of sandstone in the lower 
part of the group are much more closely allied, in mechanical struc- 
ture and minersl character, with rocks of the coal formation, than 
with the subjacent conglomerate, to which the denominution of 
" old red sandstone" canaot Iw refused. If the sandstone of the 
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Cairn Hills is classeil ae "old red EandsEone," a differetst (prm 
should be applied to the cDogtomerate of Mount Man and Httbbie's 
Hon, which is entirely diasimilar hoih in suhstance and aspect. 
To separate the former from t>ie rocka of the coal formation, -which 
it closely rosembles, (and with which it has been associated by other 
geologists,) and unite it with the conglomerate, seems incousiitent 
with sound principles of clasaification. On the other Imnd, the 
great depth of the coal series here, (extending to 5000 feet,) renders 
subdivision desirable ; and the shell liineetone tupplies ub nitli'v 
well-marked line of demarcation. I have therefore ventured to 
&ppl^ the term " calciferous sandstones" to the series of rocbs ex- 
tending from the shell limestone downwards to the argillaceous 
eonglomerate of the Pentlands. It corrosponds in ils lower piirt to 
the " old red sandstone'' of the English geologists ; in the upper, 
to their " mountain limestone," and to a portion of what ii coloured 
u the " coal series" in Dr M'Ciilloch's geological map of Scot- 
land. It consists of beds of sandstone, blacic and blue shale, some 
dun beds of clay ironstone and coal, and beds of limestone, the 
majority very thin, but one or two of which have generally a depth 
of 30 or 40, and in a few cases of 60 feet. This groap is tlio chief 
repository of the beds and masses of newer trap (basalt ai)d dole- 
rite) found in this district. 

4. The Coal Measwa, or s cries ol 
seams of coal are usually found, resting on the " 
stones." 

5. The " upper coal," or " flat coal" of Mr Bald, corresponding 
in position with the " new red sandstone" of the English geologists, 
bat less recent, and to which I have ventured, though with some 
hesitation, to apply the name proposed by Mr Murchison, of the 
RotUn Sandslone. 

The Igneous Rocke, as their name imports, are the product of 
fire, and have been partly thrown out above the sedimentary rocks, 
partly injected among them. In this district they all belong to 
the trap family, and may be subdivided into two genera : the^wr- 
phyry series, embracing the clinkstones, ctaystones, and felspars of 
the Pentlands, Braid Hills, Garleton Hills, and the OcbiU ; and 
the baiak aeria, comprohendiug the newer greenstones and hosaltg, 
■ueh as those of Arthur's Seat, Craiglockhart Hill, Coratorphine 
HiU, &c. These rocka ore of different ages, as goologiats express 
it; that is, tliey have been thrown out in succession, after long in- 
terrob. 'Their age, however, is less easily determined than that of 
the sedimentary rocks, among which the order of superpositioii 
snppliaa a clear and certain criterion of relative antiquity. In some 
ins^aes we are able to fix the ago of traps, by noting what beds 
have, and what have not, been disturbed by their intrusion ; and 
when beds of one species are traversed by veins of another, we are 
sure that the latter are postciior ; for veins are fissures in beds 
produced subsequently to their consolidation ; and the minerals 
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"(thich have passed into and filied these fissures, rnnst be newer 
iban ihe beJa which ccclain tticm. 

The eslent of tlitsa formations is shown on the map, which I . 
ofi'er merely as a rude approximation ; but the relative positions ofJ 
the roclia will be better understood from the sectiona. ■ a 

Sr Idacculloch CElioates that t}ie igneous rocks of both clasaei^l 
trap and granite, do nol occupy one-lliousandth part of tlie Bupeft- J 
^cies of Britain. In the diatrict embraced by tbe map, they aM ■ 
much more abundant. I 

The greywacke, greywackS slate, and clayslate, of the Lamr J 
mermuir and Tentlaiid Hills, lie belo%f all the other sedimcntaiy 1 
rocks, and constitute irhat may be termed the fnndamental rock, of I 
the district. Ur Macculloch has applied the designation of clan- 1 
slate to Ihia formation; but greywacke ia the characteristic sua* J 
fitauce, though comparatively Email in quantity. In Ihc district M 1 
vliicli my remarks refer, tlie rock ia always in beds or strBtftfl 
nearly vertical ; and, for tbe sake of brevity, 1 have generally use4 J 
the term vertical slate, as descriptive of the whole. 
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Tbe section is not a straight line, but consists of two portions, 
which join at Arthur's Seat at an obtuse angle, and form togetlier 
a line 42 miles in length. It is proper to state, once for all, that 
in this and the other eectious, the height is always on an enlarged 
scale compared with the lengtb ; and, as a consequence, the dips 
and declivities appear generally much Keeper than they are in na- 
turo, I ought also to add, that tbe sections were hurriedly drawn, 
and with very little attention to tbe proportional elevations of the 
different localities. 

The heavy black line, a, b, c, d, e, represents the shell or coral, 
or encrinite limestone, which the mining engineers consider aa 
marking the lower boundary of the workable coal. Seams of co^ 
are very often found below it j hut it rarely happens that they are 
of anfficicnt thickness to repay the expense of exeavatlon. A second 
bed of limestone is often fuund similar to the first, and at no great 
distance from it. Sometimes it is below the first, as at Burdio- 
house ; sometimes above it, as at Bowden UiU, near Linlithgow. 
Sometimes it is destitnle of marine shells ; sometimes it contains 
thera. Somelimes, instead of two beds, there are six, eight, or 
ten; but in this case most of them are thin. Tbe notched lines 
mark some of the places where such beds ai« j 

m. The trap of the west Lomond Hill. 
,B, o. The scries of traps and IrapVuSa i:ujt\.\i Ql'a\KB.'uiu«sA. 




*, Tlio height on which Craigmillar CaCle atanJa. 
The coal measures are coloured blackish- grey, and the calci- 
ferous EandstoDes, blue. 

It will be Ecen ihat tfao coal measures, in this line of section, 
form tlireo limited basins, or trough- shaped cavities. The most 
southern extends from Cricblon Dean to Ford, e to /; tlie next 
from the Marquis of Lothian's grounds to llie neighbourhood of 
GUmerton, c to d. At Drum, and some other places near the 
northern margin of this basin c, the beds are nearly Terlical, and 
have the appropriate name of ei/^e seams. 'Towards the south 
margin d, the inclination is more moderate. In the middle are 
found a thiclt mass of strata, nearly horizontal, R, which at Ed- 
roonslone afford a bed of excellent coal. Mr Bald considers these 
B9 a newer formation, deposited after the other beds were tilted 
into their inclined position ; and my own limited inquiries have 
led me to adopt bis opinion. The third basin extends from about 
Locbgelly to the south side of the Lomond Hills. I have not exa- 
mined this tract of country with any care, and I believe little or no 
coal is worked in it ; but the limestone is found at its two extremi- 
ties ; and Dr Maccnlloch has marlied it as belonging to the coal 
series, but with deposits of trap interposed, which probably break 
its contlniuty, and throw out all but the inferior seams. 

The deep series of strata, which I have named calcifcrous sand- 
stones, underlie the coal measures. Where they are fully developed, 
the lower part consists chiefly of Ihicic-bedded sandstone, not hard, 
generally of a red colour, with some little slate clay or limestone 
intermixed, but rarely with any beds of trap. In the upper part 
there are great deposits of black, bituminous shale and blue slate 
clay, with thin t>eds of limestone and clay ironstone, occasioual 
seams of coal, and often vast masses of trap- Its depth is very 
unequal. It is probably not moro than 2(10 feet at Fala, and not 
loss than 1000 between the west Lomond Hill and the Ochils. 
(See the Section.) 

It is extremely probable that the two coal basins, c d and ef, 
were origin^ly united, and have been separated in consequence of 
the mass of strata at the Roman Camp hill being forced upward by 
some agent operating at a depth below. The agent was probably 
trap injected among the strata, but not appearing at the surface. 
This subject will be adverted to aficrwariL. 

Having premised this brief sketch of the section, a few detaita 
may be aaoed respecting its more interesting parts. 
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a, Soutra Hill, consisting of day slate, intermixed with grey- 

wack&, ill beds nearly vertical, 
h, A red sandstone, dipping Dorthwarda at 10° or 12°. 1 

c, Limestone found on a ^ell, 100 feet above h rivulet flowing' 

northwards, about three quarters of a mile from li. 

d, The same limestone, found about half a mile farther west. 

e, The coral limestone, exposed in quarries on the road ne. 

Crichton Dean, about three miles from b. 

The Grei/icache and Clea/ Slate The Lammermuir Hills co 

sist chiefly of clay slate, witli beds of greywacke intermixed. Here, 
and on Gala- Water, the direction ranges from N.N.E. to E.N.E, ; 
the dip of the beds varies from about 50° N.W. to 50° S.E. ; bnl 
B great proportion of it is nearly vertiecd. The clay slate ia a i 
substance, often senrcely ilisting'uiibable from tlie shale (or slate 
clay) of the newer formaiions : it ia sometimes nearly black, with 
a glared surface, sometimes red, but more frequently a bluish-grey. 
It occasionally contains much mica, and sometimes displays a cu- 
riously contorted structure : it is fissile, and may often he split into 
lamiaie as tbtu as paper ; but it ia sometimes so loose and shivery, 
that a specimen larger than half-a-erown cannot be obtained. This 
soft slate ia interatratifled with a pretty hard bluish-grey rock, (the 
greywacke,) closely resembling the more earthy greemtones, hence 
generally called " whiastone" by the country people, and ext 
sively uaed for building and road metal. It is in beds, from an inch 
to 40 or 60 feet thick, and has cross rents at right angles, or oblique 
to the plane of the beds, which divide it into irregular quadrangular 
or polygonal masses. If we compare this group with the coal 
measures, the hard rock represents the sandstone, andtlie soil slate 
tbe shale, of the latter. The alternations occur nearly in the same 
manner, and iu both cases the transition at times takes place abrupt 
ly, but at ^mes ia effected by insensible gradations, so that we can- 
not say where the firm rock ends and the soft begins. Some large 
beda of true greenstone and porphyry, occur among the greywacM, 

These hills have round and amooCh outlines, with few precipices. 
Many of the valleys run parallel to the stratification, and were pro- 
bably formed by the waste of the softer beds ; hut (here are nume> 
reus short valleys, opening into larger ones, which are real euls-de- 
iac, terminating upwards in a rounded cavity, «kli^\v tciXQn a,^«t~ 
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feet semicircle, and in which there is no vestige of a stream. The 
principal valleys in these hills, such ai those of tho_Gala and the 
Leader, run across the strata. 

Calciferoia Saadslona — In descending the ravine near Wood- 
cot, (two miles south-east of Fala,) I found the grey and hlue ver- 
tical beds frequently mised with others of a red colour towards 
the northern brow of the hill, (at b. Fig. 32.) There are two esta. 
racts hero of 60 and SO feet, in a scene of much wild and picturesque 
beauty, and the rock is well exposed. The outermost beds deviate 
a little from the vertical, dipping tn the nort'h at 70°, and are of a 
brick-red colour and fine grain : uolhiog is visible but clay and 
soil for 150 yards beyond this, when we come to beds of sandstone 
comparatively level, but resemhiing the vertical beds in colour, 
hanineBs, and composition. They dip to the north at 10° or 12°, 
and alternate with others of a coarser grain, down to a mill lialf-a- 
mila below. In another bum which flows northward from SoDtra 
toll-har, I found the junction of the newer and older rocka. In the 
bed of this stream, about balf-a-mile below the great road, there is 
a. thin stratum of a sandy conglomerate b, of a deep red colour, oon- 
siiBting of rounded pieces of alL sizes, up to six or eight inches dia- 
meter, encrusted in finer matter of the same kind. It rests on the 
edges of the vertical ^Inte, which is here also of a red colour. Tbs 
conglomerate is small in quantity, scarcely exceeding one or two 
feet in thickness, and lies generally in tho hollows formed by the 
uneven edges of the greywacke. Above, it passes into red sand- 
stone, hy the gradual disappearance of the rolled pieces. The 
sandstone is always of a red colour, varying from coarse to fine- 
grained, and from a slaty structure to strata of two feet thick. I 
saw no shale amongst it. About a mile below the great road, a 
limekiln is seen at c, probably 100 feet above the rividet, with nu- 
morous blocks of limestone, but none iit situ. The same limestone 
is found in a field about a mile east of Fala, at rf, on the road to 
Johnston Burn, but merely in loose masses. About three miles 
north-west from this, the great coral limestone, e, is exposed in a 
succession of qoarries, near Crichton Dean and Cockum, where it 
is, I hclieve, fully 40 feet deep. The relative positions of these 
rooks, I conceive to bo as sliown in the Figure. 

The Soutra limestone is a grey compact reek, closely resembling 
the great coral limestone ; and it is possible that the dotaelied por- 
tions of beds found at c, d, may be the extreme outcrop of the bed 
M e. The distance between the two, however, which is nearly 
three miles, is adverse to tliis suppositiou ; and the similarity of 
vpect is a circumstance of small weight, since the same resem- 
blance exiits between the upper and lower limestones elsewhere. 
I saw no shells in tlic Soutra limestone, though 1 looked for the m 
with aomo care. "^ 



Tliis important groap of rocks has the coral li 
stone fur ita lower baundarj, not only bere, but almo| 
every where in Scotland. There ia coal below tlie lita^ 
stune, as already stated ; but it ii rarely worth tile cost tt 
working'. The section an the margin shows the v 
irregular inlervals at wliiuh the eeams of coal aro ilis . 
buted among the other rocks. The black lines represWJ 
the seams of coal, the wliite spaces sanilstone and shob 

It wiUbe seen.from the General Section, No,- 1., i 

deacribing, that this part^ofthe coal-field forms tv 

From Crichton Dean the beds dip nortli-west, then ri 

again to the Roraaii Camp Hill, where the limostonell 

protruded througli the Euperior beds. Tho inclinalioB 

fj changes lieru ngain, descending towards Dalkeith, then 

= rises unuc more to the north, and at J)rum, Moredtin, nnd 

i some other places, the beds are eoen nearly vertical. 

; In tlie middle of the north basin, a considerable part of 

; the surface is occupied by what is called the JIat coul, 

I (of Sheriff-Hall and Edmonstone,) the beds of which are 

J nearly horizoHtal, and are believed to lie over the edges 

g ofthe lover coal, which, from its high inclin3[ion,Jsca[!ed 

^ the tdge coal. The latter is only worked near Ihe two 

1 sides of the b.aain, as its. depth in tlie centre is too great 

" for mining operations. 

We are indebted to Mr Bald and Mr Dunn" for an 
interesting account of tliis basin, of which I sliall avail 
myself. From a section made Dhli(]uely, it has been as- 
certained that the <(£;ecAa/ strata have a thickness of 38? 
fathoms, measured at right angles to the planes of the 
beds, The^fif coal has been pierced to the depth of BO 
fathoms, making the thickness of the two series 467 
fathoms. But some upper edge strata in the middle of 
the baain have never been reached, and are unknown, 
being covered by the flat coal ; and if these were added, 
the entire dcj>tb, in Mr Bald's opinion, would not be 
less than fiOO fathoms, or 3000 feet. This statement 
refers to the north busin, or that between the Roman 
Gamp and .Gilmertoii. 

The known edije strata consist of about 170 alterna- 
tions of sandstone, shale, indurated clay, coal, and iron- 
stone in small quantity, and (as wo learn from Mr 
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of tfae edge and flat girata 

ns (or be<is) of coal, from 

n aggregate depth of 10!) 

ttcenly-mxih port of the 



Dunn) limestone. The known portion! 
are 2UO0 feet deep, and include 33 sea 
nine iuchea to six feet thick, forming a 
feet. The cool, tlierefore, constitutes 

series. Of tho 33 seams, 31 are workable, thai it, 'thejr are 18 inches 
thick or more. Alt these beds are bituminous, and belong to the 
two varieties of " cubical," and " splint" (or elaty) eoal. There is 
none of the caking kind among thorn. The/oufts are numerous. 
MrDunn'a plan of the Gilmerlon field, exhibits eight within a 
space not exceeding a square mile. Thej run in various direc- 
tions, but generall; across the strata, and they shifl: portions of the 
beds in some cases 2CH) feel to the north or south of their former 
position. I am not aware of any of them being filled with trap. 
FatiUs are rents or dislocations of the strata, by which their conti- 
nuity is broken, and part of them lifted up or thrown down ; and 
irhen the rents are filled with solid rocks, such as sandstone or trap, 
they are called dykes. They are very instructive phenomena, 
affording striking illustrations of convalsiona which have shattered 
the crust of the globe, and produced many remarkable changes en 
its surface. The figure below is reduced from one of Mr Buddie's 
II the Newcastle Traiasactions. 
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1, 2, 3, are dykes or faults. It will he seen, by comparing tbe 
tour distinct portions into whicb^the bed a u cut by the faults, that 
jfo. I. throws down the strata through a certain space, which is 
About ISO feet ; No. 2, throws them up nearly as much ; and No. 
i, throws them up about 100 feet farther. The faults are com- 
Inonly named from the amount of the dislocation they produce. No. 2, 
Ib the section from which this is borrowed, b called tbe "twenty- 
Are fathom dyke," and No. 3, the " sii^teen fathom dyke." So 
Bnmerous are these faults in some cases, that the same plate from 
-which this is copied, eshibjls sevea within a length of two-third* of 
a mile. Minors have found tliat, when a bed is cut off by a fault, 
its continuation is to t)e sought upwards or downwards, according 
to the direction in which the acute angle of the fractured strata 

Soints. Tlius, when llie miner comes to the termination of tbe 
eds a on the left, lie llnds that the dyke No. 1, cuts it off 
•bliquely, and as the sharp angle of the beds point downward, he 
seetsthe continuation below. Passing onward again through the 




second portion, ho Ruds the Acute angle lit tlic fault 2, pointing up- 
wards, aud geeka the eontiimatiou above. This rule is said to hold 
unirursally. I have not seen its cause explaiuod. In the Alloa 
coal-field, Mr Bald has described %\fa faults, of which the one 
throws down the strata 700, and the other no less thai) 1230 feet. 
The rents constituting these faults, run nearly parallel to the 
Ochil Hills. A section of them will be exhibited afterwards. 
Here is a vast mineral mass, probably half a mile thick, or mare, 
which is proved to have beau cither raised or depressed 1900 feet,' 
a change of position exceeding the average height of the Pent- 
land Hills above the sea. According to Mr Bald, faults filled nith 
trap dykes, very often leave the level of the strata on the opposite 
sides unaltered. 

Perhaps tto most extraordinary group of 
loal measures known, is at Mons in the Ne- 
therlands. It consists of no less than 114 
icanis of coal, including small and great. 

The annexed diagram will give an idea of 
be singular contortions the beds have undor- 
] gone. It is a section running south aud north, 
:)S3 the direction, or line of bearing. f 
f we suppose a hundred sheets of paper tu 
he fastened together, s number of them black, 
but mixed with others of a brown and grey 
colour, and after being moietencd, to be placed 
on edge, and gradually pressed down by a 
weight on thuir upper end, they would settle 
into zig-zag folds something like the above. 
We would thus have a lively image of the coal 
isures of Mens — the brown representing 
the sandstone, the grey the shale, and the 
black the coal. Sir James Hall employed a 
mechanical device of this kind very happily, to illustrate the con- 
tortions of the greywacke at St Abb's Head. In consequence of 
these contortions, says M. Burat, a perpendicular shall may pierce 
the same bed three or four times I 

Owing to the economical importance of coal, the groups of rocks 
in which it exists, have been more carefiUiy examined than any 
others ; but there is no reason to think that disruptions and dislo- 
cations will be found less abundantin other parts of the earth's crust, 
if it were a^ minutely explored. A good geologist has said that 
there is uot a square league of surface in all England without frac- 

The coral limestone is thrown np at Gilnierton and Moredun ;, 
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and below it is found another limestone, to which public attention 
has been strongly attracted by the interesting' researches of Dr 
Hibbsrt. The latter ii well exposed in the quarries at Burdiebouse, 
and in exploring- ihc district around Edinburgh, in 1830, I found 
its prolongation in the water course at Moredun Hill, about three 
miles from Edinburgh, on the road to Libberton. At Burdiebouse, 
the bed dips to the aouth'Cast at 25° ; at Moredun Mill it ia nearly 
vertical ; and here the space which divides it from the coral lime- 
stone, can ho accurately measured, and rather exceeds half a mile. 
The upper limestone, however, being nearly level, allowance must 
he made for the unconformable portion of the two beds • and per- 
haps the real distance between them, or the thickness of the inter- 
posed beds, will not exceed 121)0 feet, or a quarter of a mile. 

TAc Coral Limettone The upper or Gilmerton bed, besides 

shells of various kinds, contains numerous fragments of fossil 
encrinitcs, marine animals resembling plants, and liki! plants Gied 
to one spot. They are of various forms and sizes; hut the figure 
" " tile margin may serve as a type of the genus. The parts are : 
" — a. The root t^ which it is attached to the bottom 

of the sea ; b, the stem, several feet in length, and 
consisting of a. vast number of articulating joints, 
similar to the vertical column in more perfect ani- 
mals. These joints mere covered by a gelatinous 
integument, having the contractile powers of mus- 
cle, and in the centre is an aperture through which 
the alimentary canal passed ; <r ia a cross section of 
the column on a larger scale, esfaihiting the surface 
of one of the joints ; c, the pelvis, a cup-shaped 
cavity containing the body of the animal, in the 
middle of nhich is the mouth ; d, the Angers, also 
composed of innumerable small bones. These 
fingers open out almost to a horizontal position, to 
catch tlie floating substances upon which the animal 
subsisted. When stimulated by the contact of these 
substances, the fingers closed, and pressed the prey 
downwards till it was seized by the mouth. From 
its shape, it formerly received the name of the stone 
lily. In one epecies, with numerous arms, it has 
been computed that there were 150,000 bones,pnost 
of them of course exceedingly minute. The rooti 
of some species being united, formed a thin pave- 
ment, from wh3oh their stems and branches (says 
I)r BucklandJ rose into a thick sub-marine forest. 
Tlie bones in the limestone are replaced by calca- 
reous spar. These organic remains are found hotli 
in older and newer rocks ; hut the limestone now 
alluded to, is characterised by the immense abundance 
of them it contains, in consequence of which it is 
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ofVen named the encrtnal limBatone. An entire foesil encrinite 'u 
estromely rare, but the fragments esisl in myriads. They are b 
he seen of all sizes, from a line to half an inch in diametar b 
Oilmerton quarry, and to an inch in Invertiel quarry ; and are easily 
knoim by the aperture in the ceotre.* There h besides a gteit 
rariety of shells, such as Nautili, Ammonites, Echinitei, Ortho- ' 
ceratites, &c. The fossils are often confined to a single stratum of 
a foot in thickness, but sometimes they are distributed through 
several strata, or are abundant in the shale beds above the limer 
stone. The strata are from half a foot to five or six feet in 
depth ; but the most nsuivl thickneES is from half a foot to a foot 
and a half. The prevailing.culuur is a bluish-grey, but it has Bom»' 
times a tint of browu, or red, or block. It is generally compact, 
but Bometimea highljr crystalline, efipecially in the vicinity of trap 
rocks, BS at Mr Maijoribanks' quarry near Bathgate. The croM 
rents are exceedingly numerous, and the strata being generally 
very uniform, [he rock, seen at a diBtance,'oflen presents the aspect 
of a waU of masonry in regular courses. The thickness varies 
from ten or twelve feet, (at Cariops,} lo sixty at Silver Mine quarry, 
near Linlithgow ; a part being ^ways too poor for working. Of 
the sixty feet in the quarry last mentioned, eighteen are unfit fop 
burning. 

The Loicer orBvrdie/woseLimesCane.f—IVis bed is tweiity-seven 
feet in depth, and is disposed in strata which are about four and i 
half feet thick. It is of a bluish, blackish, or brownish-grey colour, 
of a compact texture, and a dull earthy aspect. It contains muoh 
carbonaceous matter, derived from vegetables. Plantt. — The fos- 
sil plants aro of several kinds, chieSy tropical, either of terrestrial 
or fresh water origin, a.nd similar to those of the coal measures. 
The more remarkable are, three varieties of Sphenopteris (ferns) 
and several of Lycopodiacece (club-moss ;) these are abundant i 
and along with them are a few relics of the Stigmaria, SigillBria, 
Equisetum, (horse-tail,) Calamus, (reed,) and Cyclopteris. Arri^ 

mals The animal remains are tltose of Ssh ; 1st, the teeth anA 

Jaws are found of a large predacoous fish fifty or sixty feet long, 
the Megalichtbys Hibberti, allied to the crocodile family | 2A, tha 
bones and scales of another large fish, the Gyracanthus, similar in 
its osteology to the Cestracion, or New Holland Shark ; 3d, entira 
skeletons of several smaller fishes, on which Monateur Agassiz ha* 
bestowed the learned names of Palreoniscus, &c. Besides these, 
there are myriads of extremely minute shell-fish, named Entomo^ , 
traca. They are microscopic animals, which for size may be ooni' 
pared to the beads of pins, the smallest being like a mite, and tha 

f Oa tils rbrm. ttnfcUire, uid funotlonii of tlili eailom nnliDal. nco Vt^ltnoi Buck- 
Iind'sBrUgeHntRTnitlWi vol. t. p. 431. 

f This desDriiilliin li imllnily honownl rriim tlie iicrltrnt Mnnntr nl Dc BiblKitl 
publlitacd In ILc Trannclioni of Ibc KifBl Boclct; ct Udlolnirgb iu 1S35. 



lurgest oii]y about one-tirelfth of an inub in length. * There are 
prubably fen fragments of the limestone as largo s£ the flat, iu. 
which suuie of these animalculae may not be discovered, after the, 
surface has been goido time exposed to the weather ; and in some 
portions of it they are so numerous, that the rock appears aa if 
powdered over with objects like the roe of a herring. Iu these 
bodies, minute as they are, tlie organized structure can be observed 
with a glass of no great power ; and with a goo4 microscope, au 
exterior shell or cocenng, claws, eyea, and slender feelers or an- 
tenna;) can be perceived. Nothing, perhaps, is better calculated to 
give us a conception of the refined and delicate process by which 
foreign substances are mineralized in rocks, than the fact that such 
peculiarities of structure can be ascertained iu these very minute 
ibssila, which have lost every trace of animal matter, and consist 
merely of atoms of limestone I Living beings of similar size, 
aud somewhat analogous structure, (Entoaiostraca,) are found iu 
fresh water lakes which abound in decaying vegetable matter, and 
may be seen at those sliallow parts where the bottom passes into 
the state of soft mud in FUmmor. Dr Knox has foUuil them in 
multitudes iu the lake of Lochmuben, where they serve for food to 
a Gsh called the Vendaee. Dr Hibbert has no doubt that his fossil 
animalculie were the food of the Falieoniscus and other smaller 
Ush in the ancient Burdiebouse estuary or lagoon, as llie latter in 
tlieir turn were devoured by the lordly aristocrats of the pool, the 
Megalichthys and Gyracanthus ] That oue or both of these dJiicd 
on'.lheir smaller brethren, is rendered certain, not merely from the 
structure of their teeth, but from the coprolites, or fossil dung of 
the larger finny tribes, found abundantly in the quarry, aud in 
which fish scales are generally a constituent. The tact is curious, 
and shows through how many channels we can ascend to a know- 
ledge of the structure and functions of eitinct animals, of which 
we have nothing preserved but a mere image or cost in stone I X)r 
Hibbert concludes, that the Burdiehouse limestone is afresh icaler 
depoiit ; that is, a mass, the materials of which had been dissolved 
in fresh water, and precipitated liy slow degrees, entombing nume- 
rous plants, and the remains of aniraals. He rests this conclusion 
on two facts ; first, the entire absence of marine shells and corals ; 
secondly, the presence of thousands of fresh water plants, which 
are iu most cases so entire and perfect, as to render it improbable 
that they were borne along by rivers or torrents from a distance, 
and But^eclcd to the chafing of the tide. At the samo time, the 
existence of the teeth and jaw-bones of the Megalichthy, iu the 
rock, shows that the sea had at least occasional access to. the place. 
Mr Horner, in a paper lately read before the Royal Society, con- 

f, .imlliBl'nil-lia.lniirBglienliJ'MrLj'BLlin Uie4 
p. 1 J3, Tbim BditlDU. 



troverta Dr Hibbert's opinion ; and coiWeiida, I lliink: on pr 
gjoands, that tlio rocb. is of marine origin. Wo may thcrel'oC 
infer, that at a remolo period in the history of Our planet, trhl 
is non the Dalkeith coa]-fleld was a bay of the sea, in which hu^ \ 
predaceous fishes, partaking' of the nature of a crocodile, gambolte^fl 
■Ai the alligators at this day sport in the lagoons of the West IndiB%i ■ 
while tropical plants fionrish in the vicinity. The reuiains of thi* J 
large fish cluefly met with, are the teeth, some of which, thrM J 
inches long, have the enamel quite perfect, and exhibit tlieir ni 
colours. The same relics have been found by Lord Greonook 
among the coal strata. Indeed, tt is admitted that tbe zoolagicil I 
character of theUeposits, bad undergone very little change from the i 
earliest periods to theerawhen the mognesien limestone was formed,^ J 
After tho Bunlichouse limestone rocks wore deposited, altematinif T 
beds of sandstone and shaie, with soama of coal, were fonuH 
in the same waters from the spoils of the mountains and forests. 
At a still later period, the coral ba.tik of Gilmerton arose from the 
labours of zoophytes, encriniCes, moUusks, &a., above which were 
successively deposited the numerous beds of the Coal Measures 
and Upper Coal. Subsequently to this, tho whole series of rocks 
were lifted out of the waters by a subterranean movemetit. 

The rocks immediately under the Burdiehouse limestone, an I 
found almost vertical in the stream betireBn Moredun Mill aut | 
Little France, below which the chaimel, as far as I have examined 

jrered with gravel. From an inspection of the ground her* ' 
IS reasonable to oonclade, that these strata become less and 

less inclined from ft ' 
line about 500 or GOO ' 
yards south-ei 
Craigmillar Hill, and 
that the fine ancient 
min there is situited nearly on the cubninating point, as in the 
above diagram, where e represents Craigmillar Castle, and b the 
burn on its south-east side, which falls into the .sea becween Joppk 
and Fisherrow. Pits were opened four years ago in the soil bo- 
hind the smithy, a quarter of a mile north from Little France, and i 
lobserved therock todip S.£. about 12". At the Castle, the roclu 
are nearly horizontal. Within the grounds, and in the little copse 
eastward of the farm-house, they are seen dipping S,E., F ^ 
N., and huge masses of 10 or 15 tons are lying strewed ov 
surface as if the ground had been convulsed, and the superior beds 
disrupted by farces acting from below. It is probable that tlw J 
strata liave been raised up and bent in this manner by the agenor ' 
of trap rocks, a continuation perhaps of those of Blackford Hill. ; 
The rock under the Castle consists uf a grey or reddtsh-grey sand-. ^ 
stone, without any shale, wliieh from its position I refer to the ' 



I ealciferous 9an:lstonoa. Itk seen dipping gently to the north at 

Caimtow, d, and to the north-eaat iu Sir Robert Dick's grounds. 

I jtear the Loch and tlie Railway. It appears to pass under Arthur's 

J 'fiwt ! hut the discrepancy hetween it and the rocks of the liill, in 

^4^w:4ioii and inclination, indicates the probability of faiiltfi existing 

■T^^re, which render the relations of the tvo series of beds uncertain. 

r - TVe cannot know positively the arrangement of the strata under 

I "tbe Firth ; hut the relations of the rocks on its opposite sides, and 

[ tbe detached portions seen in the islands, lead us to infer that from 

} Zioith to Bunitisland it wouTd be nearly es represented in the Ge. 

MRAT. Section. 

At Burntisland we have a remarkable series of rocks, ti, o, 

Kfcferable to llie^calciferous sandstones, which I shall briefly de< 

rtcribe. 



Section S. asB N. 



lCHTEBTOOL. 



Tlie trap roclts are croBs- hatched, the sandstones left white. 

]. Several beds of trap under Burntishmd, among which there 
is one bed of sandstone -exposed at the north side of the har- 
bour. I believe there is also sandstone beneath the lowest 
trap visible here. 
,2. Bins Hill, the upper part of which is composed of traptuff. 
This rock rests upon a mass of wliitiah, thick-bedded sand- 
stone, probably 200 feet in dupth, which contains at least 
two beds of trap. 

3. Beds of sandstone at the back of Bins Hilli reaching nearly 

to the summit. Tlieac contnin a bed of limestone, about six 
feet thick ; it is in Inmiiiic from two Id ton inches thick, of 
a bluish-grey colour, compact, without any visible shells or 
plants. Ojie thin layer of the limestone is black. 

4. Dunearn Hill, is composed of u succession of beds of basalt, 

mostly in columns, from Kiglit to fifteen inches diameter. 
The beds dip to N. or JJ.N.W., prolwbly about 25' on an 
average. 'Tho whole rest on trapiufli and this again ou 
sandstone. 
o, 6, Sanilstoiic is found at the back of Dunearn Hill, then a bed 
•f traptuff, then another bed of sandstone, after which 1 
saw DO more of the sedimentary rock till I came to Ach- 
tertool, (a,) near whbh are two large beds of sandttene. 



dividad and surmounlod by traptuff. About a mile and ■ 
half beyond Aehtortool, the face of the country sinks, a 
loses that irregularly indented outtino which the trap roc 
give it, and I conclude that they terminate about Lochgell^. 
. There is a lime quarry a. little to the eastward of that ^ 
ioch, which I did not visit. 
From Dunearn Hill northward, I saw only four beds of simd- 
stoue, which were pBrtwpe 100 feet thick eauh. There areotletet [ 
two beds between Dunearn Hill and the trap tuffof Bins Hill ; then I 
are three beds between the latter and the trap on which Burntisland 
stands, and one in the harbour; in all len beds. The sandstane u 
of a yellowish white, and gonerally in thick strata, with little si 
The dip is from N.N.W. to N.. and from 10° to 25% probably 
averaging 15°. The horizontal distance is fully four 'miles,, or ' 
21,000 feet, and the real depth of-the beds at right angina to tiieir i 
planes, will be at kast 5000 feet, of which 1000 perhaps con^slsvC 
sandstone, and 4000 of trap, or traptuff; the latter rock is vei 
abundant, and has often a base of wacke. As the sandstone, boi 
ever, is always the lower and less conspicuous rock, it is probable J 
that several beds of it escaped notice, and its actual thickuesB Wtj- 1 
exceed what has just been stated. Of the trap beds some are oi.A ] 
dark compact-basalt, with grains of olivine; others, along witll 
grains of olivine, contain large crystals of a (krk mineral, nhicb 
is probably augite. The trap invariably forms the summit of ihe 
highest bills, such as Dunearn HJl, and another about two miles 
eastward. This fact is tnstroctive, as it consists wall with Ae] hy- 
pothesis, that the present condition of the surface ia partly the result 
of the mechanicaL action of tlie sea, Cundtir which the whole had 
been once buried,) and the metenri-c action of the atmosphere.' Li 
the inland parts, we find the firmcat rocks projecting beyond the 
other strata. Next to them in prominence wo observe the traptufl^ 
which iinext in liaacilif ; and we find the sandstone, themoaZ/ra- 
gile, in the lowest and most sheltered situations, generally ^ndeed* 
protected by a covering of one of the other rocks. The whola 
district presents a series of small crsg^s, with their steep sides t 
the south, and. always crested by bedsoftr^p. The email eleva- 
tion of the rock on which Burntisland stands, may be explained 
by assuming that. the land rose, not suddenly, but gradually, Irom 
under the water ; and the rocks at Burntisland, being the outer 
portion, would be subjected to the violence of the tidal currenta 
ibr ages after those in the interior were dry. The sandstone (under 
Bins Hill) which covered the Burntisland trap, and the sandstone 
which probably underlies it, wouLd be undermined and washed 
away by an agency which did net touch the rock of Dunearn 
Hill ; and the tnp itself would suffer as the process of denudation 
went on, the outer portions falling- down when their support waft 
removed, and the interior parts now uneovered, yielding Co the 
force of tlie waves. 



The t raptufT of Bins Hill has. thexiiaai aspect of tliat rock. It 

^AnisUtB of a soft esrili}' cnirabling base, in whiuh ve embedded 

Thousands of fragments from the she of a poa up to threo feet in 

r ffianieter. These fragments are chiefly angular, and the rock is 

I 'Aereforc more properly a breccia. Most of them are of the same 

r ttfaterials ns the base, but some are of a, baEslt or greenstone of 

I duker colour and firmer textnre. A little beyond Achtertool, the 

Mp crags and hills disappear, and the country continues compara- 

Irely level till we come to the Lomond HilU. J inteoded to eza- 

this tract with greater care, but have been unable to find time. 

r, however, that the coal worked on it belongs to the lower 

Is of the eoal measures, partly from the position of the limestone 

|-^ iti two exlreinities, partly on the authority of Dr M'CuUoch's 

I Wap, and the facta supplied by Mr Landale in his map sections 

■ ;1ttlid survey noticed- hereafter. There is but little rock viaible, at 

lat on the road from Kirkcaldy to Leslie. At Glas&ly, near the 

1 vnth part of the East Lomond Hifl, there is a thick bed of lime- 

'one, with a few shells. It is blue coloured, hard, and in strata 

om half a foot to a foot in thickness. I have assumed that it does 

_(t pasfl under the trap which crowns the hill, but t did not vbit 

WtUbe north declivity where it should be looked for. I passed tlirougb 

Vden FaEg southwards, and clambered up the precipitous northern 

K,A«nt of the West Lomond Hill ; and the following is the result of 

" f obaervatious. 

Frc. 3H. 




. B(.'(ls<.fauijf,'.i.iloid. por]hhyi-y, clhik?lonf, (.■layslciio, fflspar, 
and greeu^luue, (iip|)ii>g S. or S.W., at anglus varying 
from 15" to 25° at the norlh side, and from 5' to la' at the 
south. These arc well exposed in Glen Farg. The general 
dip of the beds of the Ochils, according to Mr Mackenzie, 
b to S.E. (Wcnierian Memoirs, vol. ii. p. I.) 
• i,e. A bed of sandstone, probably 600 feet thick. It is some- 
times in thick strata, but much of it exhibits a division into 
very ihin lamincc, bearing in some parts a faint external 
resemblance to gneiss. This laminated structure, no doubt, 
ariseg from the mica which abounds in it. When cxutnincd 
with the lens, it is seen to consist of red, blue, and white 
grains, the latter of quartz atid the others of clay. At the 



bottom, it piLSses into a. conglomerate of small thicknesa, 
composed of rounded pebbleE, and containing thin bands 
of limestone in nodules. It rests on the rock of the hills. 
Near Blairhead farm I traced it in a rivulet, dipping S.E. 
at S° ! but I did not boo the actual junction of the rocka. 

d. A white sandstone in thick, strata. It is rather Eoft, bnt 

harder beds are intermingled, two of which project through 
the debris on the precipice. It displays the diagonal lanii- 
nation, and in weathering, rounded holes of siai, twelve, or 
even eighteen inches diameter, are formed in it. This sand- 
stone is probably 300 feet ttiick, and I saw no shale inter- 
mixed with it. The dip of this and all the superior beds H 
S. or S.S.E., about7°. 

e. A series of beds consisting of, firsl. Black shale, with band* 

of clay ironstone, a red ochrey clay, and a Utile coaJ, in all 
about 50 feet. 
Then, two beds of yellowish-white sandstone, about 80 or 100 
feet thick, harder than the large beds below. 

f. A dark crystalline greenstone, in tabular masses. 

g. Other beds of yellowish sandstone, which are quarried on the 

east side of the summit. 

A. A cap of basalt, probably 350 feet thick, forming the smnmil 
of the hill. 

The West Lomond Hill is said to rise 1260 feet above the sesi) 
and probably has an elevation of 900 feet above the valley wbicb 
divides it from the OcbiU. Boulders of greenstone of all sizes, op 
to 20 tons weight, are strewed over the high muiriaud surface east- 
ward. They are not much rounded. Of the basalt there are few* 
probably because owing to their greater brittleness tfaey break in. 
the course of transportation, ■> 

The groat mass of sandstone under the Lomonds, I refer to tbe^ 
group of calciferous sandstones. The true old red sandstone, a 
uonglomerated or brecciated rock, passes under the Ochils at this' 
part of the chain. 



Genebal Section, No. II. 

10IJ.AH, along the line 6, 7, in Me rnap. 

Nearly a mile south from Danskin, and four miles south from 
Gifford, beds of greywacke, u', highly inclined, are exposed ii 
rivulet near tho great rood which crosses the bills. The outer p 
tioa of this formation, consisting of blue micaceous clay slate, dip- 
ping northward at 50° or 60°, can bo traced over 500 yards 1< 
point near Danskin. Here it is succeeded by a micaceous sano- ' 
stone, of a deep red externally, but lighter within, in thick stralot' 
but subdivisible into very thin laminte, and dipping northward at 



M 

45^ I traced it for GOO yards in a <1eep wooded ravine ; and as it u 
visible at Waldean Farm, its tliickness probably exceeds 1500 feet. 
Into part of the grounds along the -water- course northward, I 
could not procure admisaiou ; but at Yester House, and cloie to 
Gifford, I fouud a reddish- white sandstone dipping N'. at 15°. Thn 
shell limestone f, appears within a mile of East Sdtauo, in a nearlj 
horizontal position. On the northern declivity of Faleide Hall, be- 
tween Orraiston and Musselburgh, Ca position corresponding to g 
in this section,) sandstone and shale ara eipoaed at numerous 
points, dipping N.W. from 10° to 25°. Mixed with them are 
bands of clay ironstone, and the outcrop of twelve or fitleen eeams 
of coal, may be traced in the ditches at the road-side. Coal is or 
has been worked at many localities betwixt Musselburgh and Or- 
mistou. From Musselburgh eastward, the coal strata are seen 
repeatedly on the beach. They dip W. or W.N.W. at 10° or 
1 2°, and ther retain this dip to Atierlady, with one or two trifling 
local exceptions, where the inclination is reversed. A large trap 
vein is seen at Morrison's Haven, (see the Section,) cutting the 
i^oal strata at right angles. It is supposed to be a continuation of 
the dyke which was quarried at Lochend, and at Broughton Street, 
Edinburgh ; and it is seen at various points of the coast eastwaj^ 
to Bogle Hillj near Long Niddry. where it is displayed on a mag- 
nifioeiit scale. It is nearly ISO feet broad here, and at low water 
can be traced farming a shoal for more than a mile to the west- 
ward. It consists of a fine-grained greenstone of a light colour, 
divided by rents both longitudinally and transversely. The sand- 
stone and shale of the coal meai^ures may be seen on both side^, 
partially altered and hardened by contact with it. 

At Soutra the calciferous sandstones are found resting on th» 
ends of the greywacke ; hut at Gilford we see a gradual transition 
from the vertical stratification of the older rocks on Newland Hill, 
to the horizontal stratiflcation of tlie limestone at East Saltoan. On 
the most moderate calculation, tho depth of the beds fVom the lime- 
stone to the clay slate at Danskin, cannot be less than 3000 feet. 

The trap seen at r, in the bed of the Forth, (see the General 
Section,) ii that of Inchkeith. This island consists of beds of 
sandstone, shale, and trap, dipping' E.N.E., at 35° to 50°. It may 
be considered as a detached portion of the strata seen betwixt 
Kinghom and Kirkcaldy. From the order in which the rocks pre- 
nant themselves at Kinghorn, it may be aafidy inferred that the shell 
limestone crops out at e, a little to the eastward of Inchkeith. 

The rocks at Aberdour are de^oribed in the Coast section. Ttl« 
coal measures begin two or three mites eastward of Dunfermline 
and the limestone is thrown up again three or four miles to the 
westward of that town. In a deep ravine at Saline, sandstone and 
shale, with some thin seams of coal, are found in horizontal beds, 
covered by a mass of porphyrltic trap. In the upper beds the sand- 
stone passes into a rock Intermediate between a sandstone and a trap- 



tiifr. On Ihe west side of these hills are placed the coal-lields of Blair- 
engoueandClackmannaiiiWhicliIhave not attempted to distinguishi 
as I do not know their goographicftl boundaries. The limeBlona 
which crops out beneath the coal measures at Blaireugone, b, \i nob 
seen under the Alloa coal' field ) but MrBald thinks it exists there^ 
perhaps as st a, anil it comes to the surface at Cambus, about two. 
miles east from Stirling. In a brook half a mile east of HarviesCon 
Mouse, I found numerous strata of sandstone and black shale, muclt 
disturbed. They dip away Irom the Ochils at various angles, 
those below from 25° to 40° ; but on the face of the hill, at thft 
more elevated spots, Ihey are inclined at 50° or 60°, and some abso- 
lutely vertical. At the height of probably 400 feet, thero is 1 
thick bed of greenstone running parallel to the hilts, above which, 
sandstone and shale appear as before, with vegetable impressions. 
Among these strata is a bed of compact limestone, probably W feet 
thick, I, without any shells, so far as I could see.) a fact which tend* 
toconflrraMrBald'8opinion,Ihat the limestone exists underlhecoal 
at Alloa, though not visible. A little beyond this, at the height ot 
probably 500 faet above the Devon, the sedimentary rocks termi-f 
nate, and are succeeded by the trap of the hills, wbicb Mr Bald 
describes as consisting, at Alva, of greenstone, clinkstone, clink* 
stone porphyry, and aienite, in beds dipping to the south at 60' ov 
70°. The bed of greenstone, 100 feet thick, mentioned by himi 
which is nearest the coal, is perhaps the same which I saw in tha 
brook three miles eastward. Mr BaJd makes the instructive remark* 
that the trap of the Ochils, which has tilted the strata of the Coal 
Measures, has not affected the quality of the coal, while the green- 
stone of Law Hill, near Dollar, has destroyed it ; and he hence in* 
fers, that the latter had been forced up in a fused, or at least a very 
hot state, while the trup of tlio Ot^hils had lost its high tempera- 
ture, before it underwent the upheaving movement which raised it 
to its present elevation.* 

Gbnekal Secteon, No. III. 

F&OM DtniBAB TO BOKHOWSTONBSS. 

The white spaces denote beds of sedimentary rocks ; the cros»- 
hatched spaces, trap ; the heavy black lines, theupper limestone; and 
he position of the lines marks the dip of the rocks to the west of 
iost. Horizontal lines indicate that the rocks have no dip, or that 
:he dip is north or south. The diagram does not exhibit the numr- 
her of the beds ; and from the aecesBity of crowding so many objeeO 
into so smalt a space, the inclination is unavoidably represented u 
much greater than it generally is in nature. 

• Em Mr nuld'a iDieiHtlna paprr Iti llie Wemerliin Tiansnctlone, Vol. tU., p. lUT. 
' mil rrom vorbnl unmrnunliMilon with hlmtclf. Iha ■utolnce of ntbat ti 



This section follows the line of the coaat, and U about fifty nulet 
in length. It would have been mare eonvenient in some respects 
to reverse its position, placing the cast end on the left, and the vett 
on the right. In this way it would have been Bflen as it presents 
itself to the eye of a person sailing along the sonth side of the Flrlh, 
at a small distance Jrom the land ; but 1 preferred the opposite 
arrangement, as more conformable to the manner in which maps 
are usually placed witb reference to the observer, and also aa 
affording u readier means of comparison witb the section of the 
Fife coast. 

I have examined, in a general way, the whole coast from Canty 
Bay, three miles east from North Berwick, to the mouth of the 
Avon, beyond Borrowstoness, except about half a mile at the west 
side of Dirleton CommoD. From Canty Bay to Dnnbar, the slight 
notices inserted are derived from Professor Jameson's paper in tlie 
third volume of the Wernerian Memoirs. 

From Dunbar to North Berwick,, there are numerous alternations 
of red sandstone, white sandstone, trap, and traptuff, nearly all din- 
ping to the E., S.E., or N.E, The traps consist chieSy of bas& 
and amygdaloid. The portion of the tine extending from North 
Berwick to Canty Bay, opposite the Bass, presents a curious dli- 
play of traptuff, p, q, which merits notice. The base ia of a dark 
or light grey colour, with shades of blue, or rod, or brown. It 
seems to consist of the materials of trap, with a little sandsto:ie and 
shale, sometimes ground down to sand, and forming a tolerably 
compact substance ; at others composed of small angular fraguents, 
of the size of peas, and very feebly coherent. It is uniformly stra- 
tified ; and the strata often consist of layers, half an inch lt an 
inch in thickness. The embedded fragments are of all sizes, up tn 
two or three yards in length, and generally angular ; four-fiftha of 
them are of the same materials with the base, consisting of mastea 
of older, inclosed in a paste of newer tuff. The others consist of 
basalt or porphyry, with a few of shale, sandstone, and limestone. 
There is a lime quarry near the shore, one mile east of the town, 
and for 100 yards opposite the quarry, the embedded masses are 
nearly all limestone, of various si^cs, up to two or tliree feet in 
breadth. About a mile farther east, there is an assembUge of 
masses of dark firm trap, heaped tagether, on a space 1 00 feet long 
by 40 broad, as if they were the ruins of a rough sea bulwark. 
They are of all sizes, np to eight or nine feet in dlameier. These, 
on caretiil inspection, prove to be nothing else than embedded 
niMseg, three-fourths of the soft pajte which enveloped them being 
washed away. The same stratum or lamina of tuff varies muui 
in thickness, being perhaps half a foot, a foot, and two feet thick, 
all within a length of six or seven yards. The base is traversed in 
opposite directions by veins of spar, half an inch or one inch broad, 
and which may often be traced for fifty yards, without intermission. 
According to Bouc, they consist of lamellar or fibrous carbonate of 
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iime. Among the finer tutfa, at one place whora the beds funned 
tt shallow natural cavity thirty or forty feet broad, I obserred two 
beds of compact limestone, eactt three or four inches thicli, divided 
by layers of shale — a fact teoding' to show, that the beds or lamina 
of tiif had been slowly deposited, since the interval betwiit the 
deposition of two was long enough to permit these limestones to 
form. About half a mile east of the town, there is an isolated 
mass of dark porphyritic basalt, AQ feet long, 30 broad, and '20 
high, projecting through the surface of loose sand, I have little 
doubt that the lamellar tuff, which is seen a few yards from it, 
oiice completely enveloped this mass, bat has been gradually washed 
away, leaving it uncovered, as we uovr see it. For a considerable 
way eastward of North Berwick harbour, the tuff is in thin laminae, 
very regularly disposed, having only a few small embedded 
pebbles, and so much resembles slate clay, that one can scarcely 
avoid regarding it as formed by a similar process. It has been 
said, that if trap be analogous to granite, we ought lo have a 
slatv trap resembling gneiss ; and, in point of fact, the laminated 
tuff here is no unapt representative of the primary stratified rnck 
alluded to. From its structure) it might be inferred to be a sedi- 
mentary rock, formed from the detritus of previously existing' 
traps ; but similar appearances might perhaps result from the de- 
position of volcanic sand, ashes, and fragments, falling in water, 
and dL'trihuted by tides or moderate currents. The dip of the 
stratified traptuff is sometimes west, more frequently east ; but the 
direction is pretty uniform, averaging about N.N.E. The first 
sandstone appears at Canly Bay, opposite the Bass. I did not visit 
diis singular islet ; but, according to Boue, it consists merely of a 
"superb mass of clinkstone." 

About a mile east of North Berwick, at q, there is a bed of fcetid 
limeslAne, about 40 feet thick ; but the upper half consists chiefly 
of calcareous shale. It contains no shells. There are portions of 
limestone entangled among the trap beds lo the west of North Ber- 
wick, some of them very much indurated. 

From North Berwick westward to Aberlady there is another 
great display of trap rocks. At the harbour there are three thick 
bods of trap, and between the first and second there is a bed of the 
same loose red traptufl!, which underlies the lowest, and is seen lo 
the eastward. On the west side of the harbour the red lamellar 
tuff re-appears, and is succeeded by a series of rocks in the fol- - 
lowing order; — I. A trap of a deep blue colour, apparently 
with base of clinkstone. 2. The same rock, containing crystals of 
felspar, and assuming the character of an amygdaloid : this con- 
tinues for a mile or more. 3. A basalt in small columns, seen in 
a conical hill 100 feet high, near the beach. This is opposite the 
islet of Fiddra. 4. We have a light-grey greenstone, curiously 
variegated, presenting large patches of light-bluish grey or yellow- 
ish-grey, often one or two feet broad, consisting apparently of com- 
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pact feUpar, parted from each other by numerous parallel streams 
of deep brick-red, beautifully waved like the shading of cuaEt'linca 
on a map, and the whole surface sometimes divided into targe eoin- 
partments by thin veina of while or red spar. 5. A tuff, apparently 
of claystone, sometimes assumiag the chftracter of a porphyry. It 
19 red-coloured, reddish-white, or mottled, and is in large horizontal 
beds. This is about Glen Chair, three miles west from North Ber- 
wick. 6. Some beds or layers of sandstone, shale, clay ironstone, 
and limeBtone, nearly horizontal. 7. This is followed by a vast 
bed of dark greenstone, in irregular columns, from one to two feet 
broad, which continues for holf-a-mile, with portions of sandstone 
and limestone amongst it. With the exceptions mentioned, most of 
these rocks dip north-west about 10° or 12°. Of the rocks along' 
ihe coast from this point (a little south-west from Eyebrow Islet,) 
round to Aberlady by the coast, X had «niy a hasty inspection, 
under very unfavourable circumstances. Where the sands did not 
cover the surface, the rook was chiefly trap, with some sandfitone, 
shale, and limestone, dipping almost uniformly to the north-west. 
Of the coast section, from North Berwick to Goolan Point, which 
measures 6^ miles of horizontal distance, the trap rocks and traptuCFs 
may occupy three-fourths, or perhaps four-fifths. Measuring the 
breadth of these beds at right angles to the direction, it will be fully 
five miles, or 26,1}QD feet, allowing for the part that is horizontal- 
The mean dip in a north-west ilirection may be assumed to be 7% 
and supposing there are no faults, the true thickness of the beds 
will be about 3000 feet, of which '2200 may consist of trap and 
tufis, and 800 of sandstone, shale, &c. 

From this part of the Section it will be seen that North Berwick 
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east at 12° or 15°. The beds are in laminse from Lalf an 
inch to two inches thick, parted by fissures which are nGsrly 
at right angles to tiie piano of the beds. 

in character, presenting crystals of augite, and passing into 

d. The eastern declivity, or tail of the hiD, which is covered by 
m a thick coat of eartli, is aaddlo-ahaped transversely, and pre- 
^m sents smooth outlines in all directions. 
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rienced an upheaving' movemcnC ; but whether the liill merely par* 
ticipated in tlie uphearal along with the aiijoining district (lacludiDg: 
the Garteton HjlU,) or whether a moro limited motemont separated 
its base from tbe surrounding strata, and forced it upward to a 
greater height, is a point whicli cannot he deCennined without a 
very careful survey of tbe adjacent country. If it contained ma^seB 
of greywackc or other inferior rocks entangled in it, like the Hill 
of ^inuoul, the evidence of special and limited elevation nould be 
strong. That the traptuff of its hose ia esaentiaUy of the same 
nature with that on the neighbouring coast, is a presumption In 
favour of the opposite opinion. But whether elevated in conimoD 
with tbe surrounding district, or as a detached mass, there is no 
doubt that its present form is chielly due to tbo agency of powerful 
:a coming from the west." 



Fig. 42. 




The above is a section it 
■ a, Yellow Crag. 

*, Tbe south aide, where tbe trap is covered by the Caleifeit 
SandstoneB. 

n. The north end towards Drem Toll. 

These hills lie about a mite north of Haddington. They consist 
of claystone, of a yellow, red, or grey colour, generally of an are- 
naceous texture, so as to resemble sandstone at many places. It 
passes at somo parts into clinkstone, of a bliusb or greenish-grey 
colour, and glistening aspect. It undergoes great changes froni 
weathering, and to a great depth : the grey and yellow portions 
become deeply streaked with red and white ; and the outer part of 
the rock, divided by fissures parallel to the surface, assumes a slaty 
or laminated appearance. Portions of the northern precipitous 
front of Yellow Crag, seem to have separated from the luasa of tbe 
hill in this way by vertical rents, and the detached portions being 
aflerwsrds subdivided by other vertical rents at right angles lo tbe 
former, have the appearance of large rough irreg^dar columns. All 
the hUIs which I examined (in ii very hasty visit) present craggy 
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fronts lo the north, and comparntiv&ly smooth and g'ently inclined 
surfaces to the south. I diEcovered no diEtinct indications of a 
stratified structure ; but it Is probable that the hills consist of a, 
series of thick beds dipping to the south at a low angle. 

TVopj-ain Law, four miles east from Haddingdon, ia of clink- 
stone porphyry, and every where exhibits the laminated structure 
uiaal in this rock. The laminie are from half- an- inch to two inches 
in thickness, when viewed in large masses, but they are CBp»ble*oC 
subdivision, and in hand specimena may be seen not thicker than 
the tenth or twelfth part of an inch. If the bedded or stratiSed 
structure exists in the hill, as is moat probable, it seems to corre- 
spond with that of the laminie, which dip to the north-weat about 
i(i°. The height of the hill above the sea ia said to be 700 feet 
The south-east aide of the hill is precipitous ; the north-west has a 
comparatively moderate acclivity. The colour of the rock varies 
from bluiah-grey lo reddish-brown. All these rocks probably rest 
upon the tower portion of the Calciferoua Sandstones. 

It is now time to romm to the General Section. 

m. The shell or coral iinieslone, ■which is scon at intervals from 
Saltoun to Aberladv. 

I, The trap dyke at Eoglehill. It is about 150 feet in breadth, 
apparently vertical, and of a light-coloured fine-grained 
greenstone. The coal strata are seen at various points be- 
tween this and Musselburgh, h, generalljr dipping to the 
west at a low angle. 

t, The shell limestone is found under PorEobello Church, mark- 
ing the wealern boundary of the coal-field. 

From Fisherrow to Grantou the coal strata dip eastward. In 
the space from Joppa to the Maitland Bridge, about three-quarters 
of a mile, (he dip h 50° ; from Joppa to Portobello it is probably 
less ; but if we take 30° as a mean, the distance to the Maitland 
Bridge being 7500 feet, the thickness of the heda will he one-half 
of this, or 3750 feet, and this does not include the whole of the coal 
meaaurea.' Most part of tho beach ^five miles ia length) from Por- 
tobello to Grattton, is covered with aand ; but we have indications 
of the position of the roclia at two intermediate points, not far front 
the shore. These arc, the vein east of Lochend, lately open, the 
walls of which consisted of strata dipping eastward at 13°, and 
the reef called Leith Crag, at low-water mark, which consists of 
strata of sandstone dipping right east at 15° or 20°, At the Chdn 
Pier the dip is to the same point, but at a very low angle. Even it 
we assume the mean dip from Portobello to Granton to be no more 
than 7i', the thickness will bo 3300 feet. Now, since the beds of 






black and blue shale, including eome of coal, which cliaracterise the 
upper part of the group of caiciferous sandstones, are still abundant 
towards Granton, where the lowest visible rocks of the aeries ought 
to be found, it seems reasonable to conclude, that there are cither 
Ifreat indectiotts, or, what is more probable, dislocations, hetween 
this point and Fortobello, and that the elfect of these dii<loeations 
has been to throw clown a portion of the hig'her strata. Captain 
Boswell found two beds of coal, one of them five feet thick, on his 
property, right behind Granton, and at the depth of -IW feet below 
the sea. If no dislocation exists, these beds must be ttUIJU feet below 
the limestone, which usually forms the lower limit of the workable 
coal. This Is eitremel; improbable ; and therefore Lord Green- 
ock's conjecture, that the strata at Wardie, containing tlie coal, 
have been thrown out of their original position, seema to rest on 
good grounds. 

It may be proper, once for all, to point out the effect of these 
faults in augmenting the apparent depth of the strata. Let us 
suppose a series of strata forming one bed 200 feet thick, and dip- 
ping at an angle of SO", to be broken into three portions ; the 
second and third, or lower portions, to be then each heaved up to 
the level of the first, preserving the same dip ; and the projecting 
angles to be worn off by the agency of tides or currents, till the 
ends of the three portions fomo on^ continuous surface. If wo 
walked over this surface, we would find its extent to be 1800 feet, 
and llie apparent thickness or depth, computed at right angles to 
the planes of the strata, would be GOO feet, while the real thickness 
was no more than 200 ; because, instead of walking over the up- 
■ turned ends of the strata once, we have walked over them three 
times, in consequence of three portions of the bod being thrown up 
in succession.* The apparent thickness of inclined beds, there- 
fore, when estimated from measurements at the surface, will always 
exceed the trae, if faults exist, and may even exceed it in the pro- 

fiortion of two or three to one. Wave-like inflections of beds may 
Bad to similar errors. It is very probable that trap beds, which 
always disturb the strata less or more, may bring up successive 
pordouB of the same rocks again and again ; and perhaps, on this 
Hocount, a deduotion should always be made from the estimated 
■*— ith of formations in which ntimerous trap beds are interpolated, 
i. The trap marked near Luitli in the section, is meant for that 
Hawkhill. 

About Carolina Park, there are some thin beds of greenstone, 
intermixed with the sandstone and shale. They are light-coloured, 
and pass occasionally into compact felspar. 

e,f,g A little westward of the bay at Carolina Park, a series 

of trap beds present themselves amidst the saudsloue and sliale. 
There are probably a dozen east of Cramoiid, some of them twenty 
* MrLudilspaloliniiiiKiirnpkDndliedMiaFtlanpnHluind ^iffanlu\a ILIimpcct, 



feci thick ; all dip N. W., or W.N. W., at various angles, frnra 15° t» 
50°. They conlitiue through Lord Rosebery's Parks : the bads 
here are less numeroua and less inclined, but some of theui are of 
much g'reater thickness, forming at / the caps of hills, rising 300 
or 330 feet above the sea. From Granton Ba; to Queenaferry the 
distance is fully five miles ; but, measured across the planes of the 
strata, it vrilt not be less than four miles, or 21,000 feel; and 
assuHiingf the mean dip to be only la°, which is certainly below the 
truth, the entire thickness will be 5000 feet, of which ihe traps may 
occupy 1000 or 1200. 

The dip changes at Queensferry, where a.fouU probably exists^ 
A limestone, fii^een or twenty feet thick, was worked at Tort Ed- 
gar, e, a few years ago, and is still forked, I believe, at NewtoD 
Quarry, two miles farther west. I saw no shells in it ; and it ia 
probably part of the same deposit which is found near Kirkliston, 
at Decbmont, and at Mid-Cmer — the equivalent of the Burdie- 
house Umestone. 

a, b, c, d. — Between Hopetoun atiii Kinneil the dip is generally 
N.W., hut at a Tery low angle. TIilto are four beds of trap visible 
on the beach, one of which, (at Blackness,) is of considerable 
thickness ; but if the old sea-cliff which skirts the coast, and is 
generally covered with wood, were examined, sercral others would 
most probably be found. At Kinneil Mil), on the Avon, fully & 
toila back from the shore, there are oue or two thick beds of 
traptuff. 

1 have placed the shell limestone, c, a little east of Bridgeness, 
though itVas not, so far as I am aware, been found on any part of 
the coast westward of Hopetoun. Tliat it exists somewhere here 
seems probable, for two reasons — first, that the beds of coal found 
on both sides of Eamcath Hill, with a N.W. dip, are such in num- 
ber and depth as to indicate that they belopg to the proper Coal 
Measures, and of course overlie the shell limestone ; and secondly, 
that a line connecting HUlhouae, above Linlithgow, with Charles- 
ton in Fife, at both of which this limestone is worked, would pass 
between Blackness and Bridgeness. It may be added, that the 
thinner beds of limestone, usually below the shell limestone, aro 
found in appropriate situations. There is the llmeslone at Port 
Edgar, already mentioned ; there are five beds, from four to fifteea 
inches thick, about half a mile west of the place called Society, 
There is one also, three or four feet thick, west of Borrowstoness. 
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Before passing to the opposite shores of the Forth, it may be 
usef\il to sliow the influence of the trap rocks on the physiognomr 
of the country between the Mid-Lothian and West-Luthiun coal- 
llelds. The section on the margin does not follow a strai^tit Iwa. 
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1, Arthur's Seat, the upper part of trap, resting on 
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sandBtone. Height abo»e its base, 650 feet. 
2, The Castle roek of basaltic clinkstone. Height 


^v 


' "is 


above the Kew Town, 200 feet. A iiltleweat- 
ward of it, is a bed of greenstone, seen at BeU"s 
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Mills. 




3, Corstorphine Hill, with a cap of greenstone I^ 






feet thick. It risea 300 feet above its base. 






4, Various beds of trap, seen in small eminences 
near West-Crag Farm, and onward as fer as 
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Four-mUe Hill. 
5, The hills at Eatho, consUting of beds of green- 
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stone, 200 feet thick or more. Their summit 
is probably 300 feet above the adjoining 
country, 
e. Traps seen at Winchburgh and Niddry Castle, 


^^■' 


V. 






7i Numerous trap hills seen about Ecclesmachen 
and northwards, risbg from 50 to 200 feet 
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above the Xinlitbgow road. 




6, Binny Crag, of greenstone, rising 700 feet above 
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ei the sea, and about 500 above the low country. 




■^ on the LinLthgow and Bathgate roads. 




g 9, Ricartou HiUs, about the same height as Binny 




VO Ph Cray. The Bhell limestone is wgrked in 


^^H 


J\l quarries between 9 anii 10. 






10, Cockleroy, 850 feet above the sei, and 650 
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above Linlithgow. 

1 1, Bowden HiU, a little lower than the last. 

12, Commencement of the Falkirk coal-fleld. 

with this section. 

First, We find all these traps in aspace of eighteen 
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milea, and nearly on one straight line, the only devia- 
tion being at Ratho, which lies a mile southward of 
the sec lion. 

Secondly, Though all tbe traps are so placed 
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probable that the latter at one time covered them. 
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yet we find the traps invariably at the surface, and. 






except where we have reason to l>elieve that they are 
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very thin, we always find them capping hills. The 




sandstone and shale, on the other hand, are only met 






with in low situations ; if seen much elevated, they 
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are protected or covered by the tritp. 
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thickness, the hiUa become higher and more nume- 
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^ ■ ^■^ rous, ftnd the country riaes into bolder relief. On 

L J 



.O'NKBS. 97 

this ground I conclude, th.it in the low plain, coTered with soil 
and gravel, between Edinburgh and Ratlio, there are no traps 
except veins, or beds of small ii?.e. Had largo bade existed, we 
sbould have bad hills in thia level tract. 

These facts prove that the eonntrj owes the present confignra- 
tion of its surface to denudation, and this deimdation must have 
been very great. Wo seo the traps of Cocklcroy and Bowden 
Hill rising from under the Falkirk coal-field, to the height of 800 
feet. In protected situations, on the flanks of these hills, we find 
the sandstone at nearly an equal elevation ; and if tha trap beds 
were injected among the sandstones, as most of them cert^nly were, 
the latter must originally have been of much greater height, other- 
wise the liquid trap would have overflowed, and been found spread- 
ing over the ends, or outcrops, of the strata, which never, or very 
rarely, occurs in this district. In the same way, wo find the traps 
of Arthur's Seat, Hawkhi!!, and the Calton, at the other extremity 
of the line, rising from under the Musselborgh coal-Seld. Over 
the intermediate spiice, we meet with numerous deposits of the 
same kind, and we always find the sandstone accompanying them to 
as great a height aa it can find protection. 

T/ie aOTudiiig beds of trap me geaeralli/ of email extent laleralltf. 
Besides those already noticed, another series extends &om Cramond 
ffestnard to the mouth of the Avon, keeping about a mile south of 
the Forth, This line is parallel to t;he other, only from one to two 
miles farther north, and includes a similar series of trap beds, the 
thickest of which form the summits of Earncath Hill, above Bor- 
rowstoness, and Binn's Hill, three miles farther east. Near as the 
two series are, the Union Canal, which runs between them, is not 
crossed, I believe, by more than one bed of trap between Broxburn 
and Linlithgow. At the latter town, it touches the traps of the 
southern series j but if it had followed tho lowest ground, it would 
have reached tiie Avon, without cutting one of them. Of the 
numerous and thick beds met with between the Queensferry and 
the Avon mouth, very few are seen on the shore, probably not 
one-tliird. 

Why the trap beds should run in bands in this way, we cannot 
tell J tint, speaking in pure hypothoBia, we might suppose that two 
deposits of this species of rock had existed at a great depth, in long 
troughs, running parallel, and that portions of it (being in a liquid 
stale) had forced their way upward, through the seams or joinings 
of the strata, and thus appear as conformable beds, arranged along 
two parallel lines, 12 or 14 miles long, and from one to two miles 
asunder. These beds of trap, which are something like ribs attached 
to a spine, had probably, in the first place, fractured and dislocated 
the sedimentary strata, and aflomurds served as a sort of iroil 
framework to jirotect them from destruction. 

That the beds under the coral limestone are of great thiekneM 
near Edinburgh, may also be showu by examining t.h% itf.tWa.'««fiw^ 
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ward from Bra[d Hill. In the bed of Braid's Bum, below €011113. 
Ion, we find strata of sandstone and shale dipping N.N.W. from 
30" to 50°. At the angle of the burn, where they Urst appear, the 
dip is about 50° ; and it is prelt; evident, from the form of the 
ground, that the; are not mare than two or three yards here from 
the claystoiie of Braid Hill, by which they have been r^sed into 
this highly inclined position. The rucks may be traced for lOO 
yards in the burn, and we have their ci ' ...... 

Hill and at Slatefard. Below Is a : 

Fig. 4 



1 Craiglock.hart 
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, The west end of Braid Hiil, of claystone. 
, Sandstone andslialeintheburn, dipping about 30° to W.N.W. 
, c. The straight smoothi'd ridge forming the tiiil of Craiglock- 
hartHill. ItconsistsofBandstonoandsbale,dipping W.N.W. 



t 15° ( 



■20". 



d, Beds of trap and traptuff, forming the head of Craiglockhart 

Hiil. A stnall patch of sandstone, the remnant of the beds t, 
which bad once covered the hill, is found at the summit. 
The structure of Craigbouse Hill is similar, but it contains 
a large deposit of traptuff or breccia,* 

e, Bede of sandstone dipping W.N.W. about 25° or 30", seen in 

a field one-quarter of a mile north of the bill foot. 

f, Beds of shale seen in the water'Courae at Slateford, with a 

N.W. dip. 
Now, from a to/is precisely a mile and a half of direct distance 
on Knoi's map, or, in round numbers, 8000 feet. If wo estimate 
the mean dip at 15°, the entire thickness of the beds will be 2000 
feet ; at 20°, it will be 2eU0 feet. There is litOe doubt, too, that 
the buds retain this dip farther onward, though they disappear under 
the gravel near Slateford. At Ilailes quarry, half a mile westward, 
the sandstone is horizontal. At Redball quarry, scarcely a gun- 
shot from Hailes quarry, the dip is N.W. at a considerable angle, 
and the stone is so entirely different, that ajautt may be suspected 
to exist between the two quarries. At Cohnton, near the church, 
there is a fine section in the "water-course. The beds of sand- 
stone and shale hero dip W.N.W. at 45°, which diminishes to 15° 
or 20° where the river turns eastward. I have no doubt that the 
beds retain this position south nearly to Dreghorn. 



Amount of Denudalion, and hnw produced It yt\\\ lie obaerred 

tbat the lowest strata between the Mnssclburgh and Falkirk coal- 
fields are Been at GraiUou on the coast, and under our city iu the 
interior, and that they a.re covered by the newer on both sides. 
The strata whose unbroken edg^es now show IhemBelvea at the 
surface on the east and west sidex of the Castle, nere very pro- 
bably once CDHtiiiuouB, the intermediate portions being swept away 
after the beds were disrupted hj trap veins and other subterranean 
agents, and lieaved up into the positions Ihey now occupy. The 
coral limestone is found at Gilmerton, Moredun, and Portobelto. 
It is found again in the Torphicbeu Hill», between Bathgate and 
Linlithgow ; and its well-marked identity of character at Gilmerton 
and Bathgate, at CliarlesCon and Invertiel in Fife, and at Saltonn 
and other localities in £aat-Lothian, as well as its relations to the 
coal strata, leave us no room to doubt that the beds seen at these 
places were formed at the same epo«h, and under the some circum- 
stances, and are in fact portions of what was very probably onoe 
one great continuous whole. There is nothing startling in the 
amount of rock which is here supposed to have been removed ; for 
the geology of every country teems with examples of denuding 
operations upon as groat a scale. 

In attempting to trace the natuie of this change, we may sup- 
pose the roclia of tho district to have presented three distinct pbases 
in succession. First, the sedimentary rocks would be deposited in 
a position nearly level, and the surface would tlien form one con- 
tinned subaqueous plain. Second, the irruption of trap at nume- 
rous localities would fissure and tilt the beds, throw up portions of 
them some hundred feet, and depress otlier portions as much. The 
surface would then exhibit a vast assemblage of heights and hol- 
lows, bounded by mnral precipices, of which we may form an idea, 
by conceiving a number of bricks laid some on their sides, some on 
their edges or ends, with opeu spaces of similar magnitude between 
them. Third, diluvial currents woLtld sweep away the more tender 
and more exposed strata, wearing down all the prominent parts, 
tilt its action was arrested by the firmer rocks, especially by beds 
of trap. These Ireds of trap, though originally injected at a con- 
siderable depth, would now occupy all tho salient points of the sur- 
face, as in Figure 43, and give tho country its peculiar physiog- 
nomy. It has been here assumed that the irruption of the trap beds 
took place simultaneously, but it must in general have occurred at 
different epochs. My object, however, was not so much to paint 
the condition of the whole surface at any one time, as to convey on 
idea of the sum of the changes which it bos undergone from tba 
causes referred to. 

Though the intruding trap has certainly been one means of 
raising the stratified rocks, it is not easy to suppose that it ' 
been the sole canse of the change which has taken place.. 
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The above is an ideal section, on a contracted scalei of tbe 
oountrj &am Musselburgh to Falltirk, omitting fiiuits and 
details, for the sake of sioiplicit^. 
M, The Musselburgh coal-basin. 
r. The Falkirk ditto. 

XiY, The present surface of the country. 

a, a. Are the coal strata, marked bj heavy parallel eurred IinM> 
n. The iatonnediate portions of the same strata, swept away by 
diluvial action : they are marked by thin lines. 

I . b, h. The calciferous sandstones, lying under the coal, 

^^^H e. The middle portion of this group, now swept away for the 
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The old red sandstone conglomerate. 
. tl, A rock below the old red saodstone, which yi 
to be a mass of trap. 
D, Veins shooting up from the trap, and presenting themselves 
at the surface r, x '" tl"* shape of conformable tieds, in the 
group of calciferous sandstones. These ate meant to show 
the supposed position of the beds of traps. In so small a 
Figure, any attempt to represent their number would bo 
fruitless. 
Wo know that the Musselburgh coal strata must be from 3000 
to 4000 feet in depth. Adding the calciferous sandstones, and 
asiuming them, on the most moderate computation, to be only 2001) 
more, it follows that the lowest bed, which cornea to the surface at 
Grantoii, must, in its eastern prolongation, be more than 5000 feet, 
or one mile below the upper beds at Musselburgh, M. Are we 
then to auppoBo, that beds situated like those at v, v, ejected through 
veins, pushed up the coal strata, and the inferior group b, b, through 
this vast space .' That they havo materially contributed to produce 
the effect, may be safely inferred. It is plain that a series of traps 
2000 feet thick, thrown in between the beds of a group of sedi- 
mentary rooks of equal depth, must raise the thickness of the whole 
to 4000 feet, and of course elevate the upper sedimentary beds 



2000 feet ; and if the force of this elevating agent acted wilhi 
limited space, and from a foeiuior centre at a deptli under Ihe i 
face, it is evident that the elevated mass would assume a d( 
shape over the focus, and that the beds at its extremities would dip 
rapidly away from the middle, and appear to pass under the undiB- 
turbed portions of rack beyond it. This mij be illustrated by the 
annexed diagram. The 
' heavy black curved 
^i, lines, liere represent 
masses of trap intrud- 
ed through fiaaures, 
forming veins ; and the light lines a i, the sedimentary rocks, ori- 
ginally horizontal, but heaved up into a dome shape by the intru- 
sion of the trap. Ifweauppose the rocka to be worn down by 
diluvial action to the line a a, two beds of trap, ( (, vtUl be seen 
at the aurfaoe. If by the farther action they are worn down to 
6 6, six beds of trap and two veins will be eipoaed. If worn down 
to c c, the number will be still greater ; and we shall have no bad 
repri^entation of the district aeparatangthe Masaelhurgh and Fal- 
kirk coal-haain, which abounds both in trap beda and veins. 

There are oases, however, wherethis eiplatiation will not apply. 
At North Berwick, for instance, though there are many traps on 
both sides of what may be termed the anteclinal line there,_ they 
are intermixed with vast deposits of traptuff, which is so distinctly 
stratified and lanunated, that it must have been deposited like the 
sedimentary rocks on a surface cohered with water ; and if the 
tuff was formed in this manner, we may inferthat the solid trap as- 
sociated with it was also laid down upon the previously existing 
rocks, and not injected among them. It came however, doubtless, 
froja below ; and therefore the beds which we see. if not the cause 
of the elevation, are the sign of the activity of the elevating agent. 
The tuff also may be a volcanic product ; but its appearance seems 
to me to agree equally well with the supposition that it is a detritiu 
resulting from the action of water on pre-existing traps. Besides, 
geology presents us with examples of subsidence as well as elevation; 
and it is by no means certain, that tbe depressed position of the two 
coal-baaiiiii may not be the result of subsidence to a certuii extent- 
It will be asked If we have any proofs of the Musselburgh and 
Falkirk coal strata having once been ooanected, as indicated in 
Figure 45 ? We certainly have not demonslrative eridence, but 
the probabilities are in favour of such an opinion. When we 
look to the beds, which are twenty or flve-and- twenty miles apart, 
the assumption that they were once united, seems violent ; but in 
reality, the data for solving the question lie in a much narrower 
compass. Within a space of one mile from Edinburgh Castle, 
westward to near Collbridgo, wo have a series of strata displayed 
which must be nearly 5000 feet thick ; and within two miles east- 
ward from the Castio we have a similar scries, in the rid^c 
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High Street, in the Caltor. Hill, and in the vein at Restalrig, of 
probably 3000 feet in depth. These strata are of the aamedescrip. 
tion ; thojdip in opposite directioiia, asahowninFi^roSl ; and, as 
they every where present their truncated edges, it follows that they 
had onco been mors estcnsive than they are. But if extended even 
to a moderate distance upward in the same places, their ends would 
meet, and they would forui continuous bi^ds, tboug^h bent and dis- 
turbed, as beds frequently are wbore no doubt can be entertained of 
their eontinnity. We have therefore strong' presumptiTe evidence, 
that Etrata to the depth of 2000 feet on the oppoElte sides of Edin- 
burgh Castle were once connectpd. Now, 2000 feet are nearly the 
half of the whole supposed depth ; and if the argument holds good 
as to thifl portion of the series, there is no good reason for rejecting 
it as to the rest, M. EUe de Beaumont, a very able geologist, has 
even adopted the opinion, that ihe coal deposits of the middle and 
north of England, of Belgium, Northern France, and Western Ger- 
many, orlginully constituted part of one great continued forma- 

It must be kept in mind that strict identify at strata is not con- 
tended for. According lo an experienced observer, strata gene- 
rally thin off and disappear laterally within a space of no great ex- 
tent ; but if ttie formation is unchanged, they are replaced by rocki 
belonging to the same scries. I have supposed the strata removed, 
marked by the thin liues n e, in Figure 45, to have the same thick- 
ness nith those which remain ; but this is mere matter of conjec- 
ture. They might be of only Lidf the depth, or less. The denu- 
dation certainly appears of startling magnitude ; yet it is not un- 
warranted by geological analogies. 
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Gbnebai, Ssctiok, No. IV. 

TBOM CROMBIB POINT ALONG THE NOItTH EHORB 



This, like the last, is a coast section, and of much the same 
length. The part* opposed to each otlier in the two aectiona lie 
pretty nearly north and south in the map, so that they afford the 
means of comparing the rocks an the two sides of the Firth. The 
crosS'hatohed spnces, are trap ; the white, sandstone and sbato; and 
the heavy bkckline marks the shell limestone. My own notes em- 
brace the whole line comprehended in the section ; but I hava 
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avdled myself, for the district between Eirkcaldj and St Munance, 
of the more careful survey of Mr Landale, in hia elaborate and va- 
luable memoir on the Pife Coal-Field.' 

V, w, Thick beds of sandstone, with blackish sbale in smaller 
proportion, and one or two beds of limestone, all dipping- 
S.E. or E.S.E. about 15° on an avora^e. Near Crail, the 
sandstone contains numerous earhonaceous impressions of 
tho Gtoms of trees and reeds, and coal was worked here same 
years ag'o, but is now abandoned. 
K, The shell limestone, placed here by Mr Landale. 
■, The St MonancB and Pittenweem coal-basin, about a mile 

tin breadth, and in which Mr Landale marks seventeen 
seams of coal, but eitber thin, or of bad quality, and not 
now worked. His section also exhibits five beds of lime. 
Btone in the lower part of the basin, from two and a half to 
sixteen feet thick. The aggregate depth is thirty-seven 
feet. From the details he gives respecting the limestones at 
other parts of the Fife coal-iield, it appears that there are 
generally three bods, but sometimes Ave or six, under the coal; 
that one or more of the beds almost always contain en- 
crinites; and that the ag-greg-ate thickness runs from twenty 
feet to forty. The dip changes to N.W. at p, and conti- 
nues to s, (fully two mllea) at angles varying from 20^ to 50°, 
Tlie rocks are the same as to the eastward, but the propor- 
tion of shale greater. 
T, The first trap appears at St Monanee. It is a traptnff witli 
a crumbling base ; the embedded masses are not large or 
numerous. It extends 200 or 300 feet along the shore. 
p,<l,T, From r top, (the promontory of Kincriug,) a distance 
of four miles in a direct line, there are at least six alterna- 
tions of traptuff with sandstone and shale, and three deposits 
of greenstone or basalt, one or two of which, however, Mr 
^^H Landale found to be veins. The dip of the sandstone and 
^^^^k ihale is reversed several times. One of the deposits of trap- 
^^^B tuff, (at a tower half a mile east of Elie,) resembles the tuff 
^^^F at North Berwick ; but the most interesting display is at 
^^^ Elie harbour. The base is brown or grey, or nearly black, 
and contains carbonate of lime, and grains of pyrites. The 
indnded masses are of various kiuda ; many are of a dark 
basalt two or three feet in diameter, and containing grains 
of olivine, and crystals of augite. There are pieces of shale, 
fragments of limestone, masses of sandstone as large as a 
cottage, and blocks of older tuff two or three yards broad, 
inclosed in a paste of newer. Tbe sandstone fragments are 
generally bard, sometinies translucent at the edges, a strong 

• Piidliihcd in lbs TianucUDDB of Ihe CliBhlnnd :iDd A^lculLnrgl Hiiciet:', Volft 
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1 favour of the igneous origin of the rock. 



r 

^^^^ aceous base was poured round the large inclosed ic 

^^^H is found filling up cavities and fiKsures in them, and Bome- 

^^^K timcE cementing small bits of sandatoDe to larger ones. A 

^^^H^ film of -nbite calcareous matter, from one-fourth to one- 

^^^^B twentieth of an inch thick, oftan separates the included 

^^^^h fragment from tbe base, and large veins of calcareous spar 

^^^H travoriie the beds in different directions. The base is aome- 

^^^^H times compact and firm, passing into wacke, sotnetiines 

^^^^H coarse and feebly coherent ; and in the latter case tbe 

^^^^P waste occasioned b; tbe tide leaves the hard embedded 

^^^^P masses protuberant, and gives the surface a fantastic appear- 

^^^^B ance. The tuff is found to be stratiRed when well exposed, 
^^^^1 I and it ie probably so in aJl cases. The washing of the sea 

^^^^B also discloses a laminar structure, though this is seldom 

^^^^H perceived in a fresh fracture. Besides the three beds of 

^^^^B trap Dear SUe, veins of tbe same rock, one or two feet thick, 

^^^^P traverse the tuff; and as they are sometimes seen projectinK 

^^^1 six or eight feet above it, are apt to be mistaken for trag- 

I ments of wails at a short distance. 

This tulT probablj belongs to ttio kind which has been supposed 
to derire its origin from eruptions of volcanic ashes or volcanic 

Coal is worked behind Elie. The beds dip to the west, and are 
pretty numerous. (See Mr Landale's Section, No. I.) 

m, n, o. The coal strata extending to Kirkcaldy. There are nu- 

I merous dykes and dislocations in this extensive tract, the 

^^^H places of some of which are indicated by vertical lines. 

^^^^H Referring for details to Mr Landale's valuable memoir, 1 

^^^^B shall merely glean from it a brief account of the Kirkcaldy 

^^^^P and Wemyss coal-field, and some particulars respecting tbe 

^^^^ other parts of the district. 

' The Kirkcaldff and Wemyw Coal-Field.^The Coal Measures 

here have a general dip to the south-cast, at angles varying from 
I foot in 3, to J in 6, averaging about 1 in 6, or 10°. They con- 
tain 29 workable seams of coal below one another, the aggregate 
thickness of which is 1 IBJ feet. The individual seams vary in 
thickness from 2 feet to 21, but the bed of 21 feet is subdivided by 
thin bands of shale, and in reality consists of sli beds. There is 
one seuDi only 16 inches thick, which probably would not be worth 
working, if it did not consist of smithy coal. Mr Landale gives 
sections down to tbe 24th seam of coal, which exhibit 157 alterna- 
tions of sandstone, shale, coal, and a little elay ironstone, the entire 
_ thick nesB exceeding 1400 feet. If we add a proportional quanlitjr 
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for the other five eeams, ihe whole thickness will be about 1700 
feel, or one-third of & mile ; but as the part measured is in four 
separate portion?, probably some beds have escaped notice iu the 
intervals. Of the 1700 feet, the coal constitutes 1 19^, a propor- 
tion unusu&U; large. Taking an average of the part moasurod 
(down to the 24th bed,) we ma; say that there are lix altornationg 
of sandstone and shale for one of coal, and that the coaL constitutes 
one-fourteenth part of tho entire mass. The Wemyss coal dips 
SDUtfa-east, passing witli a moderate inclination under the sea, and 
is worked at the depth of 900 feet beneath its surface. Mr Laa- 
dale informs us, that tiie tentitation is kept up by artificial means ; 
the men breathe a good air, and are healthy and comfortable ; and 
while immured in these " deep places of the earth," with navies 
riding over their heads, enjoy tbeir joke, and laugh as merrily us 
reapers in a harvest-field. 

The northern and eastern port of the Fife coal-field is one of the 
most disturbed and complicated districts in Britain. In the tract 
of country lying betwist tlie river Eden and the Forth at Pitlen- 
weem, and in the other direction, betwixt Markinch and St An- 
drew's, a space measuring fifteen miles each way, the trap pene- 
trates the coal-field at innumerable places, and, according to Mr 
Landole's map, actually covers about one-half of the surface. The 
consequence of this irruption of the trap is, that the faults and dis- 
locations, and the variations of the stratified rocks in dip and posi- 
tion, are beyond calculation: the great limestone, instead of being 
found only at the margin of the coal-field, presents itself at inter- 
vals over the whole ; and the coal-Beld, instead of forming one 
extended basin, is separated into twi,'nty or thirty detached por- 
tions, which are distributed over the district with the most capri- 
cious irregularity. The Figure below is an imaginary section, 
designed to convey an idea of the exceedingly disturbed and bro- 
ken state of the stratified rocks, and not meant in any way to 
resemble those given by Mr Landale. Indeed, any attempt to 
compress his numerous and complicated details into such a dia- 
gram as tbese pages admit of, is out of tlie question. 
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Tiie close parallel waviug lines, roprtsent the coal r 
the while spaces, the upper part of tho calciferous sandstones ; 
and the black spaces, beds, veins, or overlying musses of tra^. 
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, c, d, e,f,g,h. Small coal-basins, or rather detached frag- 
tneiits of what vas probably one hosin, 
», Portions of the inferior forioalion which come to the sur- 
face, and, along with 

t, Masses and beds of tra|i, tsolato the small coal-baslna. 
■ inese traps are overlying masses, as at lo, or conformable beds, 
as at It, or dykes, as at 2. And z is a fault or dislocation, without 
the presence of trap. 

It will be seen that the beds which underlie the coal, instead of 
being found only at the eitremities of the section, have been throwTi 
up at many intermediate points, by dykes and dislocations, and 
occupy a large part of the surface. I suspect the traps in the east 
of Fife coal-field are not so frequently overlying masses as Mr 
Landale thinks, but more generally be^ like y, interposed among 
the sedimentary rocks. His careful examination of the district, 
however, entitles his opinion to much weight. 

In the coal-fleld of Kirkcaldy and Wemysa, as already stated, Mr 
Landale found 29 seiims of coal, having an aggregate thickness of 
1 19^ feet ; and the dip of the inner or Wemyss beds, is 10" to the 
east. In the Earlsferry and StMonance coal-fleld, taken together, 
he found 31 seams, having an aggregate thickness of 139 feet; and 
the dip of the inner, or Earlsferry beds, is 12° to the west. In 
the table atCacbed to his map, however, he enumerates 34 beds in 
the eastern coal-Seld ; but one is marked unknown, and one uncer- 
tain. A breadth of ten miles of sea, comprehending Largo Bay 
and a part of the Forth, divides these two coal-fields : and as the 
inner beds of each terminate at the shore, and dip towards each 
other, and towards the water which divides them, it seems reason- 
able to infer that other beds crop cut under the Forth in the inter- 
veaing space of ton miles. The real number of beds, therefore, 
perhaps reaches to or eicceda forty ; and it is very probable that 
they meet under the water, forming a trough which is prolonged 
across the Forth, and re-appears in the Musselburgh coal-field. 
It is so represented in the map.* 

The faults and dykes are extremely numerous, and have pro- 
duced great changes in the elovalion of the strata. They present 
two features worthy of notice. First, all those well oscertiuned 
have a certain degree of parallelism : they are represenlBd on Mr 
Landale's map by lines runniog east and west, or only deviating a 
little from that direction. Second, all the large ones, with one 
exception, throw up the strata to the north ; so that, as we retire 
inland from the Firth towards the hills, t!ie country rises by a suc- 
cession of steps or Ufis. Mr Landale describes four faults, all of 
which throw vp the strata on their north sides. The .first running 
east and west between Buckhnven and Methcl, throws up tlie coal 
64 yards, cuts offi seams out of 18, and alters the other ~ 
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in quality, appearance, thickoesB, and reciprocal distanco. The 
great coal of i( feet increases to 12 ; the otiiera are mucli cliangod. 
Tile second dislocation occura at Leven ; it throws up the coal H 
yards, rcduceh the 1 1 seams to ti, diminishes the thickness of the 
main coal from 12 feet to 6, imd tha G and 8 feet seams to 4 and 5 
feet. A tAird dislocation occurs a mile farther north, at Scoonie 
kirkyard : it raises the strata 200 yards, reduces the 6 seams to 4, 
which also loso a part of their thickness. There is a fourth dislo- 
cation at Largo, which tlirowB up the strata 70 yarda. The known 
upthrow in 12 miles is 388 yards, or 1164 feet ; and there aj-e other 
faults, whose effect, whether in raising or dopreising the strata, ia 
not ascertained. This is one-half g-reater than the height of Ar- 
thur's Seat. It must be kept in mind, however, that we are not 
speaking here of absolute elevation above the sea, but of the space 
through which a portion of the strata has been raised, measured at 
right angles to their plaues. Accordingly, Mr Landale observes, 
that the elevation of the country, at tliB upper extremity of the series 
ot faults, is only 200 yards above the sea. 

It seema abuudantly certain, that the coal strata of Mid-Lathi3.n 
are continued across the Firth, and form one series with those in 
Fife.' Mr Bald enumerates thirty-one workable beds in the for- 
mer, having an aggregate thickness of 109 feet. In the Fife coal- 
Held, Mr Landale describes twenty-nine workable buds on the 
west side, having an aggregate thickness of 1 19 feet, and thirty-one 
on the east side, with a thickness of 139 feet. As already observed, 
however, the Fife beds dip under the sea, at an angle which in- 
creases to 29", witliin a short distaace from the shore. A great 
number of the strata belonging to the group, therefore, must have 
their outcrop under the waters of the Firth, and among those we 
may pretty safely infer, that several additional beds of coal are in- 
cluded. What strengthens this conclusion is, that while the ^gre. 
gate depth of the strata composing the coal measures at Kirkcaldy 
and Wemyss, reckoned from the coral limestone upwards, is only 
about 1700 feet, as exhibited in Mr Landale's tables, that of the 
Mid-Lothian coal measures is estimated by Mr Bald at 3000 feet. 
May we not therefore infer, that some hundred feet of the depth of 
the strata is concealed by the sea, aud that these submarine beds 
contain a certain proportion of coal ? Let us now return to the 
Gbnebii. Section. 
m, The shell limestone dipping E.N.E. at 15*. It is worked 

at Invertiel, and is remarkably full of enorinites. 
k. I, m. From the neighbourhood of Fettyour to m, ws bave a 
singular and very interesting series of trap beds. They 
consist of basalt, amygdaloid, greenstone, and traptuif, passing 
into one another, aud all in beds as regular as those of tho 
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sedimentary rocks. In a. space of three miles, Dr Neill enu- 
merates aUty-five iJlernationa.* With the traps are inter- 
mingled a fow beds of sandstone, sbale, clay ironstone, and 
about a dozen of beds of Kmestone, including, however, two 
that are above the coral limestone m. Some of the sand- 
stones are much hardened, especially the thin beds. There 
I is a stratum eight or teu inches thick very near Kinghoni, 

"irhich is changed into quartz rock, and rendered as trans- 
Incent as flinL The sedimentary beds lie amidst the traps 
without any appearance of disturbance, as if the whole had 
been formed in one way ; and it is not surpri&ing that the 
aeries produced a strong- impression in favour of the Wer- 
nerian doctrine as to the origin uf trap. Tlie dip of the 
traps is E.N.E., from '20° to 35°. The series is continued 
westward, to a point witiiin leas than a mile of Burntisland, 
by five or six beds of trap ; by one of traptiiff identical with 
Binn's Hill, (probably a part of it brought down 200 fioet 
by a fault at A;) and by a few beds of sandstone and shaie, 
among which is one of a w])ite compact flinty rock, whidi 
is probably a sandstone hardened by the contiguity of the 
trap. These beds are not so highly inclined as those from 
Fettycnr eastward. The space from the lowest bed of 
trap at A, to the limestone seen on the beach at an old Uln 
near A.bdcn, measured right across the beds, is fully two 
miles ; and if we reckon the mean dip 20°, the true depth 
of the series, at ri^ht angles to the plane of the beds, will 
be 3500 feet, of which the sandstone, shale, and limestone, 
oertaioly do not constitute one-tenth part. 
4, i^ k. The rocks at Burntisland, dipping northward (sec Fig. 37, 
page 82,) and towards Aberdour north-west, at 10° or 15*. 
in the steep wooded bank in Lord Morton's grounds (be- 
tween h and i,) there arc at least two beds of trap, amidst a 
deep series of large-grained and rather soft sandstones. 
These are cut off at Aberdour by a broad trap dyke A, which 
may he traced from the sea-shore to a height of 200 feet. 
At the east end of Lord Morton's wood, the rivulet of Starley- 
bnrn flows down from the beds of the Newbigging limestone, and, 
being charged with lime, has encrusted the face of the rock for the 
■pace of 30 or 40 yards with calctuff. It takes impressions of small 
objects placed in it, and is known in the neighbourliood as the 
" petrifying" stream. 

The Newbigging limestone resembles that of Burdiehouse. It 
is IS feet thick, very rich, abounds in remains of plants, and has 
no shells visible to the naked eye, but vast numbers of the micro- 
Mopic kind, called ci ' 



g, h. For half a mile beyond the great dyke A, tho strata dip 
eastward. Amon^ themaro funr beds of trap : one of them, 
a greenstone 80 feet thick, forms the curved headland of 
Hatrk Crag. There is a thin bed of trap above it'; and 
between the two is a bed of sandstone hardened into quartz 
rook. There are apparently two other beds of trap at the 
harbour. 
f, g. From this to Dalgetty there are four deposits of trap, which, 
owing to the windings of the coast-line, may be mistaken 
for five. The (wo eastern are basalt ; tbe third, which is 
-very thick, and forms the promontory of Braefoot, a wooded 
hill 200 feet in height, is of greenitone. These are divided 
by sandstone and ahale, dipping weBt at 15' or 20°. The i 
fourth is a bed of basalt, .50 feet thick, at Dalgelty, lying 
vonfonnably anudsl: the beds of sandstone and shale. ' 

d, e, f. From Dalgetty to St David's there are three beds of trap, 
chiefly greenstones I think, and one vein e, (at Donibristle,) 
100 feet broad and 40 high, running east and west. The 
sedimentary rocks at Uonibrislle dip partly east, partly west. 
There is a large bed of traptufl' in thick contorted strata, 
enclosing angular masses np' to one yard in breadth, partly 
of limestone, partly of its own substance, but none of trap, 
90 far as I saw. It partakes of the nature of a sandstone 
conglomerate, and \i very different A'om the tuffs at £he 
and North Berwick. 
On the west aide of St David's th«re is about 100 feet of blackish 
shale exposed, with a Utile sandstone, dip north-west. This is 
covered by greenstone, which extends a mile and a half of direct 
distance westward. Inverkeithing Bay is a urater-abaped cavity, 
the west and east sides of which consist of beds of greenstone, dip- 
ping inward to the centre of the bay, at an angle of 15° or 20". 
The mass of trap at the North Ferry ia very great, forming hills 
150 feet high, and covering from one to two square miles. All 
which I examined was groenstona j some fine, some large-grained, 
some light- coloured from the abundance of felspar, formiug a sye- 
nite. It very generally contains grains of pyrites. 

From the most western bed of trap at d, to the largo dyke k, the 
direct distance is about A^ miles. Taking the average dip at 12% 
■ind allowing for the oblique position of the beds to the line of sec- 
tion, the entire thickness of the series will be 3800 feet, of which 
probably 1700 consists of trap, and 2100 of sandstone, shale, and a 
tutf partaking of the nature of sandstone. 

a, b, c, From the traps of the North Ferry to Cromble Foint, 
tiie strata dip westward, and at a low angle. There are 
some exceptions, and among these one about a mile west 

Pfrora Rosyth, wliere strata of clay, ironstone, and shale, are 
seen dipping north at 20- to 60". I saw only three beds of 
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ness of these deposits, extending over four miles, may be 
I60U fi«t, of whiph probablf 200 ia trap, 

The ooral limestone b, is worked at Charleston. It dips north- 
west at 10° to \5'. The visible depth of the bed is about 50 feet. 
It \i imperfectly strati Sed, the strata being from half a foot to four 
feet deep. Tbe colour \a a bluish or light-brownish grey. It 
contains a good ileal of carbouaceous matter, and abounds in encri- 
nitesi and shells of various sizes up to six inches in breadth. It is 
covered by 30 feet of slate clay. 

Coal was found about one mile north of Crombie Point, but was 
abandoned ; anil the nearest seaina now worked, are three or four 
miles to the northward of this village. ^_ 



1. l''ie traps in this district are characteriatic oftliegroup immt- 
dialebj beneath the cool measures, naraely, the upper pari of the cal- 
ciferoua sandstones. Their number and their aggregate depth is 
wonderfully great. They occur sometimes within the coal mea- 
sures, but only in the lowest part, and in ctnall quantity. I speak 
here of beds; but, even in tbe shape of veins, they are scarce 
within the cod-fields. Traps are rare in England ; but where thej 
are found among the secondary rocks, their position is analogous. 
The " whin eIH" in Northumberland lies under the coal, among 
the strata of the mountain limestone ; and the tondstones of Derby- 
shire form there suceessive beds in the same limestone. * 

2. They are aliaost always disposed in beds, which are placed 
confbrmabli/ amoiuj t/te sedimtaUiry strata, and hence they appear 
to dip towards the coal, and pass under it. The question then pre- 
sents itself. Do these beds pass completely under the coal ? Some 
English geologists thi)ik that the loadstones of Derbyshire form 
entire strata under the coal, (Se« tbe 26 Section in Conybeare and 
Phillips' work.) If the same principle were assumed here, it 
would follow that trap is not an upheaving agent, since in this case 
the coal would not be found occupying deep cavities. The proba- 
bility is, however, that trap is aa upheaving agent, though the ele- 
vation of particular tracts may be partly due to other causes. 
Next, the extreme thinness of aome of the beds, and their very 
limited breadth in most cases, is adverse to the idea that their 
length can be so great as this supposition requires. Lastly, the 
trap beds at opposite sides of our coal-fields, do not correspond in 
number or species : the beds at Kinghorn, for instance, are not the 

mterparCs of those at Elie, or on the west side of North Berwick. 
" In the hwest part of the calciferols saiuktoaes, where u-e ap- 



proach the porphgries, traps of the basait 
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IS of sandstone forming the Cairn hills, and the 
whole weat ernl of the Pentlands, I have not seen a hcrt or even 
vein of trap hut two ; one passings near Cohinra, and in a south- 
west direction to Crosswooil, which is certainty a vein ; and an- 
other on the road to Carnwath, ubont twenty miles from Edin- 
bur;gh, The basalt of Dunsyre hill ia not an exception ; for the 
upper beds of the group certainly eziat at a stnall distance from it 
on the south side. Again, in the mass of sandstone between the 
West Lomond hill and the Ochils, probably 1000 feet thick, I saw 
no traps ; and Dr Macculloch has marlted none in the red sand- 
stune there, till we come to the pnrphyriea of the Ocliils. There 
is an apparent repulsion between these porphyries and the basalts. I 
The red sandstone of Forfarshire, however, contains b conaiderabl»,^ 
number of deposits of trap. I 

4. Where beds of laminated tnff are found with a base of coaraer ^ 
or liner detritus, either by themselves or interstratified with solid 
trap, the fair inference seems to be, that both have been deposited 
nndor water on the surface of pre-existing rocks, as beds of lava 
and aihes are laid down on the sides of a volcanic cone. Where 
the base of the tuff consists of waclcg, as ia very often the case in 
Fife, it is conceivable that it mi^ht be injecttd among the pre- 
existing roclis, as many traps have been ; and even the laminated_ 
structure might be acquired in this case from the effects of pressure 
and gradual refrigeration. Elie de Beaumont thinks that the tuff 
with a base of wacke in the hill of Gergovia, is the produce of a 
muddy eruption, and is an intrusive rock as well as the basalt.* 
That many of the solid traps of this district are of later origin 
than the sedimentary rocks which cover them, seems obvious from 
two circumstances — thai these rocks are altered in their texture J 
and colour, and that they are disturbed, by the presence of the trap..fl 
On the coast between the North Ferry and Crombie Point, I fouadS 
that in three instances the sandstone and shale covering the trap^ 
had nndergone a change of position. They were bent down to- 
wards the trap, so as to change their western dip to an eastern one, 
for 100 or 200 yards. This is shown at c, in General Section No. IV. 
The others were precisely the same, though the small scale of the 
section did not admit of their being represented ; and these are all 
the traps which were distinctly exposed on this portion of the coast. 
The natufc of the change is most consistent with the idea, that tlif 
eruption of the trap in each case had been followed by a 
of aubaidcnce, in consequence of which, the sedimentary beds ] 
it being unsupported, bent down and assumed a sort of sadiUc-shape.j 

* HemDlm pour ServJr. i-o. Tom. I. p. 
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Betifeen the Ruman Camp a.nd Gitmorton. the coal strata, ae 
already stated, have a depth af 3000 feet according to Mr Bald's 
computation, and include 3 1 workable beds of uoal. The Durham 
and Northumberland coal-field has a depth of 4000 feet, and com- 
prehends 40 beds of coal ; the Bristol Reld has 31 beds of coal, in 
adeplhof 4400feet. Dr Maccnlloeh obserTOfi, that if we ekamine 
the deserted seat of an inland lake, ire discover beds of eompaci 
mud, alternaling with others of sand, and, iotennixed with these, 
leaves and shells, and perhaps peat. We have here au image of the 
cool series.' Speaking of the lap^e of tine required for the depo- 
sition of this aeries of rockf, the eamo geologist remarks, that "the 
great tract of peat near Stirling has required 2000 years for its 
formation ; for its registry U preserved by the Roman works below, 
Jt is but a single bed of coal : shall we multiply it by iOO ? We 
shall not exceed, far from it, did we allow 200,000 years for the 
production of the coal series of Newcastle, (1800 feet,) with all its 
rocky strata. A Scottish lake does not shoal at the rate of half a 
foot in a century ; and tliat country presents a vertical depth of 
more than 3000 feet in the sing:!* series of tbo oldest sandstone. 
No sound geologist will accuse a computer of exceeding, if he 
allows 600,000 years tor the production of this series aloue." t The 
composition of the sandstone is more consisieat than that of ibaie 
with rapid formation, and it may have been so produced in some 
instances. A bed of sandstone ten or twelve feet think often pra- 
soiits the appearance of a mere concrete mass of sand, withonl «K*i- 
siovs or joints other than accidental rents ; and seems to differ in 
nothing but solidity from those deposits which a river like the 
Rhone may be supposed to form ai; its estuary, or even in a single 
flood. The fossil'trees found in quarries, in a nearly upright po- 
sition, streng-then this inference. The one laid bare in Craiglcith 
quarry, in November 1830, was 47 feet or more in leugth, and in- 
clined at an angle probably of 20^ to the strata in which it was 
embedded. It must, therefore, have passed through 15 or periiaps 
^0 feet of the sandstone. Now, wood constantly immersed in water 
will retdn its texture and solidity a long time; but if the.depusitioii 
of this sandstone had occupied b thousand years for instance, wo 
can scarcely doubt that' the upper part of the treo would have 
wasted away and disappeared, king before the beds of sandstone 
rose to such a height as to envelope and preserve it, to say nothing 
of the chances of Hoods oi currents breaking it olF. To give pre- 
cisian to this argument, however, it would be requisite to know 
how long wood soaked in water may exist ; and this datum is jwt 
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Wanting. Trees have been preserved for more than a tiioiisand 
years in hogs ; but the mais is supposed to have an antiseptir 
quality. 

On the other hand, many sandstones whioh present the aspect of 
a homogeneous mass of sand in the quarry, without any traces of 
structure, are discovered by weat^erin^, (that is, by the effect of air 
and water on their esposeil surfacea for a series of years,) to be 
composed of regular lamince, often as thin as paper. These laminx, 
on careful eKamuiatioa, are seen to be owing sometimes to alterna- 
tions of finer and coarser, or of looser and more compact matter ; 
sometimes to the presence of mica, a substance consisting of minute 
scales like those of small fishes, and which are found not to be 
huddled together in confusion, but regularly laid on their sides, 
with their planes parallel to those of the lamina!. It is evident that 
this structure could only arise from the matter being deposited very 
gradually and tranquilly, and of course very sloic^, as it would bo 
in a lake not traversed by streams, or in the sea at great depths. 
Let ns illustrate the principle by an example. Mr Horner infers, 
from some experiments of his own at Bonn, that the Rhine carries 
dovra to Ihe sea annually 2,000,000 cubic yards of alluvial matter 
of the specific gravity of stone,* Let us suppose this to be spread 
equally over a space '20 miles broad and 3D long, in the bottom of 
the North Sea, near the estuary. Such a space would include as. 
area of 600 square miles, ahd the sediment woiild compose a layer 
equal to half a line, or Che 24th part of an inch, in thickness. Now, 
the Rhine has annual floods : during these it flows more rapidly, 
and bears down sand of a coarser quality. When the lloods sub- 
side, and the speed of the water relaxes, the coarser sand will bti 
dropped In its own bed, and only Ihe fine mud wiU remain sus- 
pended till the veaters reach the sea. Hence the matter deposited 
each year will consist of two kinds ; a coarser during the four 
months of flood, and a flner during the eight months of Ion water 
Hence also, the layer of matter, if agglutinated into stone by pres- 
sure, or the infiltration of a cementing substance, would be eotn- 
posed of a film of sandstone of a coarser and a film of a finer tex- 
ture, the two being l-24th of an inch in thickness. If the area of 
deposition, then, is BOO square inile9,t the alluvium of the Rhine, 
on this hypothesis, would form a stratum of sandstone, one inch 
thick, in 24 years, and that stratum would he composed of 4t4 
Jamina:, one-half of a finer and one-half of a coarser texture. A 
stratum one foot thick would be deposited in 288 years, and a stra* 
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turn one yard thick in 604 yeai%. Tlie sandstone time fanned 
would be extremely similar to some which we find in the coal 
measures, and even in the old red sandstone of the English geolo- 
gists. Teriodical changes, such as the floods of rivers produce, 
afford an intelligible explanation of this structure. In extensive 
lieposits, the alteniations probably CDrrespoud to annual changes ; 
but in small deposits near the shore, they may be as numerous as 
the transient floods in the streams which produce tlicm. 

Much of what has heen said applies equally to shale or slate 
clay, in which the schistose structure is often extremely floe and 
regular. It evidently consists of clay or mud, frhicli hiis been 
suspended in water, and deposited very slowly. This is farther 
attested by the plants embedded in it, in which the delicate foliage 
often appears as if spread out carefully by the hand, without any 
marks of being crushed or bruised. " Indurated clay," on the 
other hand, seems a hasty deposit, for it scarcely presents any 
' aces of a delinite structure. 
Limestone containing shells and corals presents clear evidence of 
dng slowly formed. All the shells must have been the growth of 
certain period of time ; some of the larger ones probably of 20 
30 years. Now, there are beds several yards in tmctness, almost 
entirely composed of these exuiiiiE of marine animals, each of which 
must have lived long on the surface of the stratum of which it now 
forms a part. It is probably no exaggeration to say, that there are 
lamina; of limcstono one inch thick, each of which must be the pro- 
duct of one or two centuries. Let it bo farther observed, that there 
is seldom any thing in the composition of the beds lo which shells 
are wanting, to indicate with certainty that they were more rapidly 
formed than the beds in which they exist. 

Coal affords evidence of a different kind, but equally conclusive, 
of the long lapse of time required for the production of the rocky 
strata. But its nature and origin must first be adverted to. 

Nature and Origin of Coal. — It is now universally allowed that 
coal is the product of decoraposed veg^etablc matter j and there are 
Iwo hypotheses as to the mode in which it was brought together in 
such vast quantities. Dcluc, Brongniart, Dr MaccuUoch, and Mr 
Hutton of Newcastle, think that the plants generally grew and died 
on the spot where the coal exists, and that a bed of coal was analo- 
gous in its origin to a peat-bog. The other hypothesis (which is 
perhaps more generally received) assumes that tlie vegetable matter 
was swept from the land into estuaries or lakes by inundations and 
streams, as the trunk? and branches of trees, with plants and foliage, 
are carried down by the Mississippi and Si Lawrence in North 
America.' The difficulty of accoimting for the immense accumn- 
lations of vegetable matter spread over such extensive areas, is gTH* 
, Jn either way. But witliout going into the comparative meriti^^ 
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tlietwo hypotheses, the farmer ia assumed as true, fur the purpose 
uf illustration, in the following remarks : — 

Coal was analogous in its origin to modern peat, aad each bed 
was most probahly formed on an extended surface of marshy land, 
covered with a rank vegetation. The finest calling coal, Mr Hut- 
ton considers as a cryBtallinc compound, whose eonstitueots had 
been in a state of solution; but slate coal and cannel coal often bear 
distinct impressions of plants.' The new method of cutting mine- 
rals into slices so thin as to be transparent, of which Mr Witham 
has made so happy a use, has been applied to coal ; and by examin- 
ing these with the microscope, the vegetable structure has been de- 
tected where no external trace of it was visible. In cannel coal it 
exists throughout the whole mass, while the flue coal rettuns it only 
in small patchea* which appear as it were mechanically entangled. 
Among otlier indications of the ligneous origin, tubes have been 
discoverod.filled M'ith a yellowish resinous matter, which is the most 
VolaUIe part of tlie coal, being what is first drivenoff by beat.' All 
co%l, therefore, had originally existed in the statu of plants or trees. 
About three hundred species have been found in the sandstone and 
shale of the coal measures ; and the greater part of these probably 
exist in the. coal itself, though the tenderness and opaqueness of the 
material render it difficult to delect them by examination. The 
three ituudred species are all ei^tinct. About two-thirds of tbem 
are Semi ; the others consist of large ConiierEe (allied to the pine,) 
of gigantic Lycapodiacca:, of speci-es analogous to the Cactece and. 
Euphorbiaceai, and of palms. t The plants indicate a moist climate, 
as hot as that of the tropics ; and this.liolds true in the coal plants, 
not only in England, but at Melville Island within the polar, circle. 
Dr Hutton thought that the vegetables had been carbouized by 
heatjt but Dr MaccuUocli eonteiida, on good grounds, ihat the 
change has lieen effected solely by water and pressure, and that 
by these agents peat is capable of conversion into coal.§ 

In the coal, therefore, farniliariy used in our bouses, we have the 
forests of primeval times, deprived of tlieir watery and volatile parts, 
but preserving all their combustible matter, laid up for our use, as 
it were in vast cellars under our feet, closely packed, and protected 
from air, rain, and floods, by a solid covering of rock and soil. Few 
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of those who are in the daily enjoyment of the comforts and aJTan- 
tages derived from abundant supplies of this fuel, think of ihe long 
and operose processes by which it w&s prepared in the laboratory 
of DBtnre. A short calculation wiU explain what is here meant. 
Wood affords in general about 30 per cent, and cool shout 80 per 
cent, of charcoal.* Neglecting- the oxygen and hydrogen, there- 
fore, it must have required four tons of wood to yield the charcoal 
which we find in one ton of coal. Let ua then suppose a forest 
composed of trees 80 feet high, that the trunk of each tree contains 
eighty cubic feet, and the branches forty, making 120 ; the weight of 
such a tree, at TOO sp. gr. will be two and a quarter tons ; and oUow- 
ing 130 trees lo an acre, we hare 300 tons on that apace. Supposing 
the portion that fails annually, leaves and wood, to be equal Eu one- 
thirtieth, we have ten tons of wood annually from an acre, which 
yields two tone of ciiarcoal ; and this charcoal, with the addition of 
bitumen, forms two and a halftossof coal. Now, a cubic yard of coal 
weighs almost exactly one ton ; and a bed of coal one acre in extent, 
and three feet thick, will contain 4840 tons. It follows, therefore, that 
one acre of coal is equal to the produce of 1940 acres (that is 4840 
divided by two and a halO of forest ; or if the wood all grew on the 
spot where Its remains exist, the coal bed three feet thick, and one 
acre in extent, must be the growth of 1 940 years ! Even if we sup- 
pose the vegetation, as that of a tropical climate, to be twice as 
rapid as I have assumed, we shall still require about a thousand 
years to form a bed of coal one yard thick ; and for the tiiirty-six 
yards of coal in the Mid-Lothian field a period of 36,000 years! 
"When we reflect farther that the coal constitutes only one-thirtieth 
part of the entire series of beds comprehended in the group, some of 
which were probably formed by as slow a process, we shall have do 
reason to rtject Dr Macculloch's estimate of 600,000 years as too 
long for the production of the whole mass. 

An attempt to explain the formation of the coal strata leads us to 
infer many changes of level in tlie land or water, and is attended 
with considerable difficulties. The sandstone, shale, and limestone, 
must all have been formed under water, and the coal on land, per- 
haps in a marsh. In the section of Ihe Mid.Lothian 6eld, for in- 
stance, the coral limestone at tho bottom must have been formed in 
the sea- We may then suppose the bottom to have been raised by 
the deposition of four fathoms of sandstone and shale, formed of 
dettitus swept down from the neighbouring land, tiU the gulf or 
bay shoaled into a tract of marshy ground. Upon this forests 
grew for a tliousand years, the spoik of which accumulated where 
they fell, and formed a tliick stratum of vegetable matter. The 
land must tlieu have sunk suddenly or gradually under water to a 
great depth, and remained there perhaps for ten thousand years, tJU 
II ficesb deposit of sandstone and sbale, to the depth of nineteen a 
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a half fathoms took plice, the pressure of which, aided by water, 
converted the stratum of wood itito coal. No. 1. By this deposit 
the bottom was raised, the bay again converted into marsh or mea- 
dow, upon which vegetation again flourbhed for a thousand years, 
till the materials of a second bed of coal (No. 2.) three feet nine 
Inches tbict were coiloctod. A third suhmergenoe took place, 
nineteeD &thoms of rocky strata irere deposited, the water again 
shoaled into land capable of hearing plants ; a third period of 
forests commenced, and continued till the mass of vegetable matter 
destined to form the bed of coal No. a, six feet thick, was accumu- 
lated. This was followed by a fourth subsidence, during which 
mx fathoms of strata were deposited. The land, by this addition, 
again rose above water, wat clothed with wood, and materials for 
a fourth bed of coal were accumulated. I need not pursue 
the series of changes farther. The land must have subsided more 
than thirty tiroes, anil descended through a space of 3000 feet, from 
the formation of the coral limestone to that of the uppermost beds 
of the group ; and after these subsidences were completed, a series 
of counter movements, resulting partly from the agency of trap, 
must have again elevated a, great portion of the bods above water. 
Such numerous changes when surveyed in the aggregate, and 
without reference to time, appear inconsistent with the usual stability 
of nature; but the io consistency vanishes on a little redectiou. The 
changes now produced by earthquakes, and the faults and fractures 
of the coal strata, assure us beyond all doubt that rocky masses 
have undergone movements hoth of subsidence and elevation ) and 
as to their great number or apparent frequency in this instance, when 
we consider them as diffused over a period of half a million or a 
million of years, it is obvious at once that the abjection loses its 

It is inferred that the water under which the sandstone and sbate 4 
were deposited, was chiefly that of lakes j for five-sixths of the 
plants, according to Adolphe Brangniart, are such as grow on 
land or in fresli water. Of the tribe of Algse, comprehending sea- 
weeds, he found none.* The scales and teeth, however, of the 
great predaceous fishes formerly mentioned, (page 70,) and tlie 
shells of genera allied to the mussel and oyster, indicate that salt 
or brackish water was oceaEionally present. 

The repented subsidences, so many in number, form one objec- 
tion (and liicre are others) to tliis hypothesis ; and yel, if the coral 
limestone exists, us we liavo every reason to believe, under the New- 
castle and Durham coal-fields, at the depth of 2000 feet or more 
bimcath t)ie soa, the fact of subsideace to this extent is proved ; for 
it is now admitted tliat all corals were formed at or near the sitr- 
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of the ocean. Whether this subsidence took plac 
uccessive stages, is inimateriu]. 
The other hypothesis is thus esplained hy Professor FhilBps, 
with referenee to the coal formation of Yorltshire. The alternating 
beds he attributes to alternating currents from different points of 
the compass, charged nith different sodiments, and passing into a 
great estuary or lake. Lime, he thinks, was transported hy the 
marine currents from the south-east, because the limeatone beds 
are thickest in that direction, and thin off towards the opposite 
point; argillaceous sediment was swept in by a river from the 
west, the shales being lliickest in that direction ; wliile sand and 
floating wood were drifted from the north, the beds of coal and 
sandstone being thickest in that direction. This hypothesis, like 
the other, iuvoWes various difficulties, of which two may be meu- 
tioned. Of the four currents bearing wood, sand, clay, and lime, 
how did it happen that tliree so generally sui])eiidod iheir notion, 
while tlie fourth was operating ? Again, supposing the wood to be 
floated Irom the north by a river which inundated its banks like 
the Mississippi, it is plain that such a stream could carry off only a 
small part, probably nut one- thirtieth, of the spoils of the forest 
annually deposited in its hydrographical basin. It follows, that to 
fhruish materials for a bed of coal extending over a^iven space, 
the river must have drawn its "waters from an area thirty limes as 
large as would be required if the wood was carbonized where it 
grew, or the period must have been thirty times as long. But, 
looking to the extent (once much greater than it now is) of the 
coal formations in the north of England and Scotland, where Is the 
continent to be found in which such a river could exist ? Mr 
Fhillips, in fact, finds it necessary to Bdmii, that the large tracts of 
land required to furtiiab the sediments of sand and clay, and the 
masses of vegetable matter, have disappeared in the northern and 
weatom oceans." 

The fossils of the coal measures are chiefly plants. They are 
most abundant in the shale, but are also found in the sandstone. 
Thej generally lie on their sides ; but carious examples have been 
found of trees standing erect, piercing through several bods, with 
their roots spread out, and so circumsianced as to lead to the con- 
clusion, that they have been converted into stone at the very spot 
where they grew. Fossil trees seldom exceed a few feet in lengUi ; 
but examples are cited of some 20 feet long, found in what Is con- 
sidered their native locality. Their roots are sometimes in sand- 
stone, but more frequently in a bed of shale, which had originally 
consisted of fine mud, and formed the soil in which they grew. 
Trees which had been transported from their native seat, are, how- 
ever, inlinilely more common, and these have been found of great 
length. A magnificent specimen was exposed ia Crugleith quarry 
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in 1833. Its colour approaches black; it is about three feet in 
diameter ; and there were a.bovB tnellty foot of its leDgth eiposed 
when I saw it in 1634. It has no braiicl.ea, but the scars where 
branches had been inserted, are well marked. It has been 
tained by slicing to be a Coiiifera of the genus Araucaria, of which 
living species eiist in New Holland. Like its modern tjpe, the 
fossil tree wants those concentric rings which mark the annual 
additions made to the growth of piiies. It was analyzed by Mr 
R. Walker, and its constituents were found to be carbonate of lirae, 
.10.30 : carbonate of iron, 24 65 ; carbonate of magnesia, 17.71 ; 
coal with silica and water, 6.15." It penetrates the sandstone 
obliquely, at an angle perhaps of 20°. 

Structure of Fossil Planls. — The ingenious method lately dis- 
covered of cutting stones of all kinds into transparent slices, pro- 
mises to conduct us to a much more perfect knowledge than we now 
possess of the structure of fossil plants, ajid, in fact, to reveal to 
uj the true character of the Flora of the ancient globe. Mr 
"Withrim's book "On the Internal Structure of Fossil Vegetables," 
publislied in 1331, first made the public fully acquainted with the 
important source of information which this curious art openi 
up. I shall borrow one or two illustrations from bis second edition 
(1833,) premising a few observations on the physiology of plants. 

The matter which forms the stems, branches, roots, bark, leaves, 
fruits, and Rowers of plants, however various its appearance, con- 
sists essentially of only two substances, vascular bodies or vessels, 
and cellular tissue. The vascular bodies (which we shall call 
simply vasculars) are pipes or tulies appearing like fibres to the 
naked eye, many of them smaller than the finest hair, but which 
are discovered by the microscope to be hollow. They run from 
the root of the tree to its remotest branches and loaves, and convey 
the sap from tlie earth through all tho parts of the plant. It has 
been found that 2500 of them placed in a line can stand in a linear 
inch, and 7,000,000 in a square inch. They form only a part of 
the plant, and (taking the trunk of a tree as an BKamplc) are sur- 
rounded on all sides by the other substance called CELLULAR TISSUE. 
This consists of cells or bladders, from tho size of a flue pore to that 
of a small pea. Their piimary form may be considered as globu- 
lar, or sometimes oblong like a sausage, but by mutual pressure 
tbey assume the form of six-sided prisms, and on a small scale re< 
semble the cells of bees. Their aides consists of a membrane thin- 
ner than fine paper. Though apparently close on all sides, they 
are sometimes found filled with a liquid, which they are supposed 
to receive from tho sap-voBsels (viaculars,) and to elaborate into 
matter for the nourishment and growth of the plant. They are 
also frequently found empty j and, in this statei may be seen with 
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the naked eye in the pilh of some shrubs and trees. Tlie cellular 
tissue is called " pareuehyma" by some writers. 

These iwn siibatauces separately, or variously mixed, i 
the pith, n'oul, bark, roots, leiivcs, &c,, of plants. 
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In the common m/i tree, Jig. u above, the vajscidars are not ar- 
i«ng:ed in isolated groups, as in the cane, but in radii or " rays," 
shooting out on all sides from the pith to the bark, witli partitions 
of celidar tissue between them. On the outside of the wood, ii 
tbe bark or " cortical texture," consisting of vsacuiars and cells, 
but mixed in different proportions, and not in " rays." The ra- 
diated structure belongs to all tlie firm and useful varieties of wood) 
ve believe, without exception. There are, besides, subordinate p^ 
clUiarities of intimate structure, depending on the size, distribution, 
form, &c., of the cells and vasculars, by which one kind of wood 
can be distinguished from another, such as ortk from ash, &c. ; and 
among these are certain large tubular vessels — sometimes with 
spiral walls, such as would be formed by coiling a cord or ribbon 
round a ruler. There is yet another marked peculiarity. In 
trees that grow in cold countries, and are exposed to great annual 
changes of temperature, the winter produces a contraction of the 
vessels and celts all round the exterior ; and transverse slices of sucb 
trees, when examined, exhibit cirailar rings, marking the annnaj 
layers of wood, and placed one -without another from the pith to the 
bark. Fig. b. This appearance, which is known to every one, 
makes a tree a sort of natural calendar i the successive rings not 
only tell its age, but by the variation in their breadth, informs us, 
whether particular seasons were favourable to vegetation or the re- 
verse. In the wood of tropical countries, these rings are either 
very faiut or altogether wanting. Fig. A. 

Speaking comprehensively, we lany say that herbaceous plants 
e sonietimBB entirely cumposod of cdlular tissue ; in other cases, 
thej have much of it in the shape of pith, and a little *' woody tcx- 
" Canes and palms have no proper pith, no radii or annual 



rings, but strings or fasciculi of yasculan, irregularly distributed 
lengthwise ttirougii the cellular tissue. Timber trees in warm 
countries have pith in the middle, surrounded by radiated " woody 
texture," Fig. a. Trees in cold ceuntries have pith in the middle, 
and radiated woody texture in common nith those of warm regions, 
but they have in addition circular rings. Fig. b. Longitudinal 
slices, ,or sections of the plant lengthwise, are equally characteristic 
with transverse ones ; but I have not room to speak of these. 

Plants are divided into three classes, according to the structure 
of their seeds. Those without flowers or eeed-lobes (acolyledonous) 
have no veins in their leaves, and no woody texture ; plants with 
flowers and one seed-lobe (monoeutyledonoui) have th.e veins of 
their leaves running parallel or nearly so to the midrib, have no 
distinction between the pith and wood and bark, and no radiations. 
Plants with flowers and two seed-lobes (dicotyledonous) are the 
most perfect ; the pith, wood, and bark are distinct ; the wood is 
radiated ; the veins of the leaves diverge from the midrib, and are 
branched. 

Hitherto geologists have attempted to classify fossil plants by 
their external form and appearance. This was disadvantageous ; 
because sometimes the external parts (the bark, for instance,) were 
wanting, or accidental injuries migbt be mistaken for natur^ cha- 
raclera ; and even though existing in the fossil, and well marked, 
they give, in many cases, equivocal indications as to the true 
nature and habits of the plant. But the method of slicing, which 
has recently been introduced with the happiest success, conducts us 
into the interior of the plant, and roveals the most intimate peculi. 
arities of its structure. It was once thought wonderful that the 
imbrications and delicate markings of the exterior of a tree, should 
be so well preserved in stone ; but bow much more marvellous is i 
it, to Bod the forms of minute vessels and cells not the thousand ^ 
part of an inch in diameter, with the details of the curious and 
complicated textures which they constitute, preserved in the same 
rough material, with all the accuracy and distinctness which they 
possessed in the living plant? This is beautifully exhibited in the 
specimens prepared for Mr Witbam by Mr Sanderson. That inge- 
nious lapidary saws a slice of the fossil plant, polishes one side of 
it smooth, attaches it to a bit of plate glass by Canada balsam, and i 
holding it to the wheel by the aid of the glass, grinds down tba i 
outer side till the slice is as thin as fine paper, and then polishes it 
It is now transparent, and being placed in the focus of a micro- 
scope, and exposed to a strong light transmitted from below, its { 
minute structure can be surveyed at leisure. The subjoined 
flgures, copied from plates in the work, will exemplify the appear- 1 
ance of the slices, and give the reader some idea of the nature of J 
the data on which Mr 'Witham proceeds, and the value of the in- 
ferences derived from thein. 




Fig. 47, is a transverse seplion of the Pinus Si/lvestria, or Scotch 
Gr, taken from a living tree, and magniticd 100 diumeterE. The 
celta of tho cellular tissue will be Eeen to be of a. hexagonal, or a 
slX'Sid^ Bliape ; there are about ten of them in the length of ut 
inch, but iw the magnifying power employed is 100, the real num- 
ber must be a. thousand, and in a Ei|iiarB inch a million. The 
darkish broad line extending from right to left at the bottom, i* a 
" medullary ray," or one of the radii proceeding from tlje pith, or 
medulla, in the centre, to the bark. These " raya" consist, in part 
at least, of very minute vasctdars, or sap-vessels. The dark part r, 
at the end, 'n the condensation produced by the winter's cold, and 
mftrks, of course, the boundary of one of the annual rings. 

Fig 48, is a trans*rse slice of the fossil-tree found in Craigleith 
quarry i[j l^flG, also magnified 100 times. It will be seen at a 
glance how correctly it corresponds in structure with the living fir. 
There are cells of similar form and size ; " rays" of exactly similur 
appearance ; and irregular thickenings of tlie walls of the cells at 
parts between tlio rays, aa iu tlie living tree. One thing alone is 
wanting ; there is no trace in this, or other specimens of the sama 
fossil which Mr Withara esBmtnB«3, of the nnnual rings, indieated 
by the condensed part r, in Fig. I. The fossil tree of 1 830, and 
the branch of IS31, found in the same quarry, are equally destitute 
of any disliuct traces of the annual rings. It is hence inferred. 
lliat when these trees grew in this part of the globe, our climate 
was not distinguished by tlie alternations of summer heat and 
winter cold which Jt now exhibits, but possessed the equability- 
known at present only within tlie tropics. 

Mr Witham has examined many scores of these fossil specimens, 
and all those taken from the coal formation agree in tiiis peculi. 
aritf of Kaatiwg the annual riugs. They also all belong, we 




thiplc, to the class of eonifer/s (a subdivision of dicotyledons,) and 
ara, therefore, of the same tribe with the pine ; liut tbej diO'er coU- 
BJderably from one another. Judging from these facb, tlie voge- 
lation of this region at the period in question, hud been very litlio 
diverslHed. 

Mr Witham also examined a number of fossil plants from the 
Lias formation, wliich is a good deal more recent than the coal. 
Id one of these, from the Island of Eig, and in several of the others, 
he found decided murks of the anouol rings, indicating alternations 
of temperature, such as we now experience. In specimens of 
fossil wood from Aniigua, lie detected organic structures corre- 
sponding closely to those of various other living tn^es and shrubif 
namely, oak, maliogany, sandal-wood, sugar-cane, &c. 

In the upper formations generally, he found the fossilizing subi 
siaucQ (the stoiij matter which bad replaced the plant) to be gen^ 
rally lime, frequently mixed with oxides of iron ; and a consider-, 
able portion of carbon is aJtrays present, either in the simple stuCeV 
or forming a carbonate with the linee. In the coal formation, ih~ 
fossilizing substance was generally siliceous. The perfect preaei 
vatioii of the organic structure, showi that the process had been 
slow. We may conjecture, that vrater holding lime or silica in 
solution, had rested long over the saud in which the trees were 
imbedded. The interior of the vessels and cells would bo Glled 
first with the dissolved matter; then their walls would be slowly 
replaced by ihe same substance, the carbon either retaining its 
place, or forming carbonic acid, and uniting with tlielime. There 
can be no doubt, that the same process is going on along our 
shores, and at the estuaries of our rivers at the present day, 

Striielure of Fotsil Bona ^The ingenious analysis of thu 

bones and Bcalcs of fossil Ssh by Mr Coniiell, illustrate tile process 
by which the lapiditlcatiDn is effected, tie found that the phos- 
phate anil carbonate of lirne remained almost unaltered, and formed, 
as it were, the framework of those bodies ; but the purely animal 
matter filling cells or cavities in this framework, had disappeared, 
while its place was supplied by g'roups of minute cylinders or 
layers of a siliceous substance, which had passed in by infiltration, 
and filled tip the vacuities. On comparing the bones of a recent 
pike with tne bony raya of the gyracanthus from Burdiehonse 
quarry, we have merely to substitute 38 parts in the 100 uf silica 
in the latter, for 38 of animal matter iu the former, to make the 
analysis agree to a fraction.* 
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Thb leng'tl] of these hills is about sixteon miles, and their extreiDV 
breadth six. The height of the summits varies from UOOto nearUr 
1900 feet. That of Carrethy was ascertained by ievelling' by Mr 
Jardiue, and found to be 1877 feet. South Black Hill, the most 
elevated of the whole, is sixtcea feet higher. East Caim Hill, ac- 
cordingp to the table in Knov's map, is 1802 feet ; West Kipps Hill, 
1786 feet; "West Cairn Hill, 1764 feet; AUenouir Hill, 1 6 U6 feet. 
Theae are the most elevated poioti of the chain. The general 
height of the hills above their base, is from 1000 to 1300 feet. The 
direction of the axis of the chain is almost correctly N.£. nnd S.W. 
The eastern part of the hills forms a single massive group for two 
miles: beyond this, for the apaceof six miles, they divide, and form 
two parallel chains, whoso summits are about a mile asunder : the 
western part consists of a large uneven circular pktcau, about five 
or six miles in diameter, with a southern inclination, and from 1200 
to 1400 feet in height, forming the upper basin of Lyne Water. 
All the considerable streams rise near the north-western side of 
the hiUs, and flow south-eastward. The steepest acclivities front 
the north ; and the hills have generally rounded summits, covered 
with heath or grass ; but there are aiso some bare escapements 

lu a general point of view, the Fentland hills, at the west end, 
consist of sandstone ; in the middle, of greywacke and clayalate, 
in vertical strata, covered by overlying conglomerate ; and at the 
east end, of vast masses of porpliyry. Wtiere all the roeks drs 
found in connexion, they present themselves in tlie following o 
beginning with the lowest. 




■ 3, Porpdyries, with base of felspar, olirkstone, and clajElonel 
In oiie instance, the porphyry is found reposing immediately 
on the el ay slate. 

4, Cnlciferous aandstones. 

5, Coal measures. 
This sketch of the general rtrueture of the hills, will render thi 

description of the eections more intelligible. 

The most conspicuous rocks of Pentland hills, and thoES which 
chiefly dotermine their form, are the overlying beds of porphyry 
and conglomerate. The direction of these, from Carlops eastward, 
is N.E. and S.W., eorrespoiidiiig with the axis of the chain, and 
the dip 8,E. From Carlops westward, in the district watered by 
the Lyne and its branches, the direction of the beds is irregular, 
but, generally speaking, E. and W., the dip S. This does not 
apply, however, to the sandstone hills ; for these curve roand the 
north-west end of the chain, having their dip N.W. and W. and 

s.w. 

To exhibit the position of the rocts properly, it is necessary to 
make sections at rig'ht angles, or nearly so, to the direction of (he 
beds ; and most of the sections now to he described are constritcted 
on this principle. It may be proper also again to repeat, tliat as our 
means of observing the rocks are limited, by so much of the surface 
being covered with grass, heath, clay, or gravel, it must not be 
supposed that the beds and strata described can be seen at every 
point along the lino traced on the map. On the contrary, many of 
them are to be found only at some distance to the right or lelt ; and 
their existence along the line of section is merely inferred. Nor it 
it to he understood, that if nature had laid bare the interior struc- 
ture of the hill along that line, every btd would bo found where it 
has been placed in the sections, or that noothera than those indicated 
would be found there. Many of the beds, both igneous and sedi- 
mentary, are limited and local ; and their appearance at one spot 
is no security for Unding them at another a few hundred yards dis- 
taut, where their position would lead us to infer their existence. 
Such sections must generally embody errors both of omission and 
redundancy, and are to be received merely as spproximaiions to 
the truth, more or less correct according to the number and accU' 
racy of the diita on which they rest. 

Section, No. V. 

The line of this section runs N.W. and S.E, acrosa the end 
of the chain : its length is about three miles ; Kirkyetton Crag, the 
highest point of it, is 1580 feet above the sea, and probably about i 
1 150 above ltd northern base at Dreghorn village. The line is ' 
marked V.Y in the map. 

From the south-east end of tlie section to Breghom village, the 
rocks consist of a series of porphyriej, with bases atfeUY*^-"'^''^'^ J 
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Btone, and claystone. In some cases the porphyry becomes atl 
amy^aloid, and contains rounded or obtong eavitles, filled with 
green earth, quartz, and agatcsi from the size of a plu-head to Ibat 
uf an apple. Sometimes the agates and other embedded substances 
present themselves in fine threads, or small veins, of various sizes 
up to the breadth of a quill or larger. These rocks belong to the 
^uartzifeTOui or aijathiferous porphyry described by geologists, and 
generally found associated with tho oldest secondary rocks, espe- 
cially the old red sandstone, to which group tho sedimentary deposits 
of tliB Pentiand bills are chiefly referrible.' 

These igneous rocks generally exhibit an appearance of subdivi' 
sion into beds, and dip to _the south-east, at angles varying from 
'2(1' to 45°, and perhaps averagiug about 30°. Tho surface exposed 
along the line of section toDreghorn is about two miles in hreadtli, 
and the aggregate thickness of the beds raiut be nearly one-half of 
this, or from 4000 to 3000 feet. Tho igneous rocks, however, pro- 
bably extend farther in both dirDetions, though concealed by the 
soil. The different species pass into each other, and in iheir tr«n« 
sitions exhibit a great variety of aspect. The bedded stnieture is 
often very obscure, but its existence can scarcely be doubted by 
one who makes an extensive examination of the bills. Let any 
one, for instance, ascend in a south-easterly direction from the foot 
of the bills midway between Dregborn and Swanston, to the top of 
Kirkyetion bill : ho will pass over a series of projecting crags of 
this form ; ^H 

Fig. so. fl 




At 1, b, c, d, he will find escarpments of bare rock exposed) 
fronting the north-west, and occasionally subdivided by seams so 
as to represent the edges of strata. At x, y, z, on the other hand, 
he will find himself on amooth grassy surfaces, dipping south-east 
nt a considerable angle, and visibly forming the upper planes of 
bedsi The rivulet between Swanston and Dregborn, called Harf 
Burn, flows in one of the deepest and best marked of these cavities. 
<)ver the whole space between Drcghom Burn and Swanston 
Bum, abrupt projections, like a, b, r, are met witli, and always in 
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corresponding positions. Wc GuJ them also extremely well marked 
at tlie eastern Bitremity of the bills, where tlie rivulets of Bow- 
bridge aud Lothian Burn flow iii depressions precisely similar to 
that of Hare Bum, but ou a. larger scale. If we pass agaio to the 
south side of AUermuir and Klrkyetton hills, we find a aceep buc 
remarknbly smooth surface, with a south-easterly inclination, sad 
scarcely broken by-a single protulienuice. The same appearaneci 
are generally seen to the westward. In Warklaw hill the succes- 
sive beds crop out beneath one another iti a manner too distinct to 
admit of any doubt, (See General Section, No. VI. ;) and in South 
Black Hill and Broad Law, the south-east dip of the beds of clay- 
Etotic and felspar, which crown these hills, is also well marked. 
To all this must be added, that the variety in the character of the 
rocks can only be secu by crossing' the northern front of the hills, 
in the direction referred to in the diagram, namely, from the N.W. 
to S.E., which proves that this line runs transversely oser the tipper 
edges, or outcrop of the beds. In the outline of tiie General Sec- 
tion, No. v., an attempt is made to mark this peculiarity. The 
joinings of the beds, however, are scarcely ever visible ; and the 
divisions in the section must not be understood to iudicate cither 
their trite number or their relative thickness. For such details it 
is scarcely possible to obtain data. Again, we find some of the beds 
of porphyry subdivided by fissures into strata, or tabular portions 
parallel to each other and to the base on which the bed rests. I 
have gone into these explanatory statements, because the indica- 
tions of the bedded structure are obscure in many parts of the hillafr 1 
and, in common parlance, the term of " unstratiGed" is often applied ] 
to tho traps of all ages, though stralilied porphyries are not unconii' 
mon either in the old or new continent.- 

The section gives a general view of the nature of the beds, but 
a few additional details are necessary. 

The first and moat easterly bed aftbe hill, seen a little southward 
of Uillend farm-house, is a fine-grained dark reddish-brown clink- 
stone porphyry, which at some pails becomes compact. West of 
this is an amygdaloid b, of a striking aspect. The base seems to 
consist of the red porphyry just mentioned. The cavities are 
chiefly of a roundish form, atidof a.llsizesup to an inch in diameter; 
tlie smaller are generally filled with green earth ; the larger with 
agates, calcedony, calcspar, heavy spar, and quartz, but a coatiug of 
green earth usually separates the matrix from the included nodule ; 
and the vast number of cavities so filled, gives the rock a greenish 
aspect, This.ia succeeded by a red porphyry, like the first, which 
assumes various aspects ; sotnetimos it is of a fine texture, of a deep 
brown colour, and nearly compact ; again, it contains small grains or 
thin crystals of white felspar irregularly disseminated ; or it assume* 
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the character of an Rmygdnloifl, prcfenting along whli agates 
opaque Dodules of a cieep red colour, like cmbeiided fragmenla, but 
separated fiom tlie base by a film of white spar ; or a fine and uni- 
form mixture of the red and iihilo maltcr, gives it tlic aspect of a 
brownish greenstone. This rock forma the sleep eastorn declivity 
of KirkyettonHill. Next we have a large bed of compact felspar, c, 
forming the northern escarpment ofKlrkyetton Hill. It passes sotne- 
times into claystone, sometimes into hornstone. It is of a yellowish 
or reddiah-while colour, which is occasionally variegated by iron- 
shot Epots of red. Close to this, on the west, is a dark red por-< 
phyry,rf, which weathers so deeply, that it moulders down on receiv- 
ing a slight blow, and a fresh specimen is not easily procured. 
It contains numerous small white crystals of felspar, which are 
well defined, and nodules and veina of agate and calccdany.* ll 
differs from b. In containing very little green earth, and in the 
greater looseness of its texture. This well -characterised rock is 
found at various places as far as Eipps Hill, about five miles to the 
westward, and in an analogous position, accompanying and covered 
by a white felspar or claystone. These red porphyries compose 
tile largest mass of the hills alon^ this line of the sectiiin. The base 
is sometimes felspar, sometimes clinkstone, sometimes claystone. 

Tlie felepar of the Pentlanda isfiesh-red or browulsb-red, some' 
times greyish and yellowish white, and ash grey and yellowish 
grey. It is massive. The lustre is glimmering, and the fracture 
minutely foliated and aptinlery, and sometimes conchoidaJ, some- 
times slaty, It is aemi-bard and brittle. Specific gravity, 2,497. 
The clinkstone when pure is a. deep greenish-grey colour, but when 
iron-shot, which is generally the ease, it is reddish-brown ; the lustre 
of the principal fracture is glistening, of the cross fracture glim- 
mering. The principal fracture is slaly, the cross fracture uneven, 
jinssiug into uneven and small conchoidal. It is translucent on the 
edgOB, hard, brittle, rather easily frangible, and rather heavy. It 
is nearly allied to felspar, and ie to be observed passing Into com- 
pact felspar. The claystone has its principal colonrs grey, blue, 
and red ; and it frequently exhibits dendritic delineations. In 
fracture is earthy and dull. It is opaque, aofi, rather brittle; 
rather easily frangible ; feels meagro ana tough ; does not adhere 
to the tongue ; rather heavy. It is stratilied, and passes into com- 
pact felspar.t 




3 the following, which 
it perliaps esteiitidly of' the same cniaeral substances, but ure 
marked by a striking difference of aspect ; e, a reddish- white por- 
phyry with ba&e of compact felspar, and crystals cf aiigite ; the 
crystals are thinly disseminated, and have a shilling lustre on tha 
fracture surfaces ; there are numerous spots of red in the base, 
which are probably the same minerals in a state of decomposition. 
This is seen in a quarry 300 or 4Q0 feet above Swanston, on the 
west side of the bum. f, A dark blue clinkstone, having the aspect 
of a greenstone at some parts, and at others of a basalt. This is 
found on a smati crag about half a mile aouth-eest of Swanston, and 
again a little higher. The same rock is also found at a, on the 
front of t!ie most northern low crag, halfway between Dreghorn 
and Swanston. About a quarter uf a mile west of Lothian Burn 
Inn, there is a dark blue smygdnloid. The cavities are small and 
very numerous, and when the inclased nodules are decomposed, the 
rock assumes a cellularappearance. This bed;only deserves notice 
because a rock very similar occun in Loganhouse valley, and at 
West Kipps Hill. Below all these is a bed A, 100 feet thick or 
more, of a grey, or vellowiEh-wliitB felspar. It is seen at Dreghorn 
Burn very near theWalor-bouse, and is the lowest rock visible here. 
It passes into a clayatone t, and may be traced down the small ra- 
vine in which the bum flows towards Dreghorn village, and in a 
ditch 100 yards westward. The lower parts of the bed look like a 
conglomerate, presenting round masses as large as iho flst em- 
bedded in a base, but the inclosed masses and the base are of the 
same substance. Farts of it deconopose in the water, become soft, 
and, being mixed with red matter, assume the texture of a sand- 
stone.* There is a small wooded knoll perhaps twenty feet high, 
a quarter of a mite east from Dreghorn village, in which a reddish 
clayslone analogous to this is found ; and a similar rock exists in a 
long ditch-like ravine a furlong west from the Water-house. 

The whitish felsparbedat the Water-house A, and the other some- 
what higlier, e, are of inconsiderable magnitude, but are adverted to 
because two similar rocks occur in analogous positions, about a mile 
westward, un the summit and norlhern declivity of Capelaw Hill, 
and may probably be the prolongation of these. The repetition of 
certain rocks is indeed too frequent in these hills to permit us to at- 
tach great importance lo such facts ; but the poaaibilily of tracing 
particular beds over considepuble spaces, is a cireumatanee of some 
value in all speculations on the origin of the rocks. Nor does it 
follow that the non-appearance of the bed at intermediate points . 
proves an original want of continuity, since tlie connecting por- I 

• Trqprocki, cspr^BlTf clflyatrini], A 
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tions mny have been swept away by aubseqaen 

ferenee to tbis subject it may aiao bo stated, tbat tbe ciinkdtones 

resembling basalts and greenstoaes, seen on the low Craig's both sast 

and west of Swanston, have their representatives iu LoganbouGe 

talley. 

Iu a field about half a mite right easi from Dreghorn village, 
sandstone was formerly qiiarrii;d ; it dipped S.W. at li" or 15". 
About 2011 yards west of Dregrliorn House, within the parks, beds of 
reddish sandstone and blue slateclay are exposed in the burn, dip- 
ping S.W. at 28°. Bocks of the same kind (marked k in the sec- 
tion,) are also seen in Bonalley Burn, north of Dreg-iiom House, 
dipping S. about 15° or 18°. ; and tliey ure seen again farther up 
the hurt), within half a mile of Bonalley, dipping S. at ID or 12°. 
Thin beds of nodular blue limestone are inclosed in tiie shale here. 
No rock ia visible as we proceed northward till we come to Colin- 
ton, about half a mile dliitant. Here beds of sandstoue are found 
in the water course, dipping N.W. at 45° or 50°. The thickness 
of the sedimentary beds from Braid EiU to Slateford, an analo- 
gons position, at the distance of a mite eastward (see p. 9B,) seema 
to justify tbe iufereoce, that tbe highly inclined sandstone seen at 
CoUnton, U continued southward near to the foot of the hilla at 
Dreghorn, as represented iu the secdon. Tiic precise point of 
Junction is of course matter of conjecture. It may be at A, or 
farther north, or farther south. 

The sandstone is not visible at the other end of the section at a, 
but certainly exists there. It seems also probable that the beds 
dipping southward seen within l)r»gliorn park.s and near Bonalley, 
are an upper and newer deposit, h, rusting on the edges of tius 



Genehal Section, No. VI. ^^1 

This passes in a north-westerly direction through Castlelaw, 
Capelaw, Torduff, and Warklaw Hills. Its length is exactly four 
miles — See the line VI. VI., ia the map of the hills. 

In Glencross Burn, a furlong west from the Water-house, beds of 
ehale may be seen dipping E.S-E. about 50°, and a few yards far- 
ther up there is a sandstone quarry in the copsewood, where the 
beds have tbe same dip. Ihese are the beds a in the section. 
About a quarter of a mile abova this the trap of tlie liill appears in 
the waier-course, and is seen in several quarries on the east side of 
the road. It consists of various beds of olinkstone and felspar, gene- 
rally porphjritie, red coloured, of different shades, but usually 
deep. At some parts it is amyg daloidal, and contains agates. Next 
to tnis is a vast mass of claystone passing sometimes iiilo felspar, 
forming the principal part of Casllclaw Hill. The prevailing co- 
' ; wliite, reiliLish- white, and yellow; much of it is motlled. 
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being ironshot nilh spots of red ; and some of it is striped vith 
liurnstone. Its texture is generally compact, but soQie of tlie 
lower beds on tbe norlhern side have a gritty arenaceous surface, 
and are very wliite. I saw no traces of a beddod or stratified 
structure in this hill, though ihey probably exist. Under these 
are some red clinkstone ; and a bed of blue clinkstone, ap- 
proaching to basalt, b, is seen at the mouth of Allermuir 
Burn. Further up it assumes tbe appearance of a greenstone. 
it is possible that a bed of con glum emte underlies this at c. It is 
seen a little westward of tlie section between Harbour Hill and Bell's 
Hill. The Citvity e, A, at Allermuir Burn, contains 100 feet or more 
of newer allurium. Under these are the rocks of Capelan Hill, 
irbich, so far as they are visible alang the line sf section, present 
themselves in the following order. A very light-coloured bluish- 
grey clajstone porphyry, the weathered surfaces of which become 
red (at Cupelaw Cot j) a reddish-grey porphyry, seen in a small 
quarry half a mile N.E. of the cot ; a porphyry with a yellowish- 
white or cream-coloured baae, the weithered specimens of which 
have spots of light red, dark red, aiid green (seen on the south side 
of the summit, but only weathered specimess accessible ;) a red- 
dish-grey porphyry with crystals of felspar, and others of a green 
colour, which assume a red colour in decomposing, and are probably 
augiie, (seen at west end of hill ;) a compnct felepar of a brick.red 
colour tinged with yellow, (seen un tbe north front of the bill, 250 
feet above the level of Bonatiey old ponds ;) a groenstone d, 
(fleen about I5Q feet above the level of Bonalley reservoir,) of the 
usuai bluish-grey below, but of a deep red in its upper part ; a 
n-d dish- white compact felspar, about eighty feet thick, lies under 
tbe greenstone, and is probably a continuation of the bed seen at 
the Water-house, near Dreghorn. At tbe south margin of the 
pond (now droned) we find a bed of saiiiistonc e, and traces of it 
are met within a drain westward. It seems to be a remnant of a 
larger deposit, resting in a slicrht cavity of the porphyry, at 
the height of 1 100 feet above Ibe sea. It was probably once 
continuous with the sandstone A, g, in Section VII. Prom 
this to Torduff Hill there is a succession of porphyries and 
amygdaloids. They are well exposed in the bed of Dean Burn, 
which flows from tbe old reservoir to Bonalley, aud also partly in 
the crags which rise above one another, from Lord Cockburn'i 
garden to the top of Whitehill. The base of these racks is some- 
times felspar,but mure generally clinkstone of a blackish-grey or red- 
dish-brown colour. Ill tbe felspar there arc occasionally intermixed 
portions of a different colour, with a dcHned boundary looking 
likeembeddod fragments, aud giving the rock, though h'iniogeueous, 
the aspect of a breccia. The amygdaloids exhibit cavities titled 
with green earth, quartzy minerals, zcolilen, c^lcspar, and small 
rounded masses and veins of calccdony. The latter are seen in 
tlie crags rising above Bonalley village, on the Lioitlv ho^\ >^ 



in the rivulet. The nodules 
,3 of tbe rock. Generally the 
base is porphyrilic, aod'contaius long thin crystals or grains of white 
felspar. This is the third great bed of guarltiferoui poTpkijry from 
the east end of the hills, without reckoning smaller ones. The fre- 
quent changes of rock show the existence of beds, ihoug'h the 
bedded or stratified structure is scarce!; discernible, except towards 
the head of the burn. These are succeeded by Torduff Hill, /, con- 
sisting of a reddish-wbitu hard compact felspar, assuming the cha- 
racter of claystone at some places. It is prob^ibly 200 feet thick, 
and seems to be of limited extent laterally, its breadth probably not 
exceeding 2000 feet. Beneath this is a dark g'reenish-g'rey felspar 
porphyry g, forming the summit of WarkUw Hill. It passes 
through a succession of beds into the blackish-grey greenstone, 
with minute grains of red (angite or diallage ?) seen on the west side 
of Turphin, and at Kenleith, and having much the aspect of a me- 
chanical compound. The bedded atruclure of these rocks (see the 
section) is too well marked to be mistaken. They dip to the S.K. 
at 25° or 30°, and project beyond each other, forming a succession 
of terraces. Lady Bum, forming the north branch of Bonalley 
Burn, runs in a deep valley formed by the junction of the felspar 
rock f, and the porphyry g. 

A little eastward of Xurphin farm-house there is a crag of con- 
glomerate h, about 100 feet high, with a dip to the south-east pro- 
bably of 15" or 20". The rolled fragments rarely exceed six inches 
in diameter. The base is less argillaceous, and more of the nature 
of sandstone than in the other conglomerates of the Pentlands. It 
may be abed intercalated among the porphyries; but as no trace of 
it appears to the westward, nbere, on tbia supposition, we might 
expect to find il ; and as its substance difi'ers considerably from 
that of the other conglomerates of the hills, it seems more probable 
that it is a mass of sandstone resliug externally on the porphyry, 
and lifted up with it. In corroboration of this idea it may be 
stated, that on the side of Dean Burn, about half a mile south-east- 
ward, a targe mass of sandstone and shale is found extending tVom 
Lord Cockbum's house, iSiJO or GOO yards up the hill (see the map,) 
and like this, dipping south-east at a pretty high angle (from 20" to 
40°.) A section from Whitehill, which overhangs BonalJoy, in a 
north-west direction to the couglomerate crag, would present an 
outline like this. 

Fig. 51. 



a. The crag of con- 
glomerate at Tur- 
phln,as5umedtobe 
merely resting on 
the outer part of 
the porphyry. 




b, Thfi detached mass strelching up the hill from Boimlley. 

c, f, The porphyry of the hills, 
rf, WhitchUl. 

r, Dean Bum, the south branch of Bonallej Bum. 
J'l Lady Burn, the north branch. 
The position of the upper mass of sedimentary rock, b, is quite: 

uiiequiTacal. It rests on the porphyry, and is in no respect cm- 
hedded in it, and must therefore have formed part of a much larger 
mass. It seems fair to draw a siniilar inference with regard to a, 
and to regard both as remnants of one deposit, which flanhed and 
partly covered the hills, and was lifted up with them into its pre- 
sent inclined position. The dotted lines mark the portions of rock 
which are supposed to have been removed. The sandstone and 
shale g, h, seen at the west end of Torduff Hill, in Section VII., 
and extending southwards to Belld Hill, la probably part of the 
same deposit. It will be described by-aud-by. 

From Turphin northward no racks are Tisible till we come to 
the "Water of Leith at Woodhall, where sandstone and shale are 
seen nearly horizontal. Towards West Mill, half a mile down the 
river, the rocks are seen dipping N.E., at angles from 25° to 50°. 
The sandstone presents carbonaceoas impressions of plants ; and a 
black shale, containing terehratulitcs, is found here. Westward 
from Woodhall, the dip is various, but in general to the W. or 
N.W. at angles from 5° to 30°. The position of the sedlmentarj' 
rocks, from Turphin to Woodhall, is merely conjectural. 
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Skctios, No. VII. 



This section crosses the hitis fromLawhead farm toCurric. Il 
length measured on the map is 4^ miles. The series ot rocks 
follows :— 

A clinkstone porphyry is well exposed in a quarry at Lawhead 
farm-house. It is of a brown colour, has a splintery or sometimes 
a couchoidal fracture, and contains crystals and grains of red fel- 
spar. Lawhead Hill, about half a mile eastward, is of the same 
rock. Northward of Lawhead farm, the rock is seen at some few 
places for more than half a mile : it is essentially the same, but the 
brown takes a greenish tint, and the aspect becomes nearly homo- 
geneous from the minuteness of the embedded grains, while the 
fissile tendency displays Itself which ia so common in clinkstone. 

Turuhouse Hill consists of a mjiss of clinkstone and claystone 
porphyries. On its south side theie are traces of the stratified or 
bedded structure, which, judging from analogy, I have little doubt 
pervades the whole. On the southern declivity of the hilt, and 
its foot, we hate a dark grey clinkstone (seen near the Conijioni 
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6a.m') with ft conchoidal fracture. In a ijusrrj at the side of 
the road, close to the stream, a little farther south, it is of a red 
colour. On a wooded knoll, b, about 25(1 feet below the eastern 
summit, we find a. felspar passing iuto claf itouc, and of various 
vspects : aonietiiiies reddish-white and granular ; somelimes spot~ 
ted t sometimes having a grey ar blue base, with white, fellow, or 
red spots and stripes. Close to the Compensation dam is found a 
rough white claystone porphyry, consisting of white angular grains 
in a yellowish- white base, and exhibiting specks and patches of 
brick-red, and even enclosing masses aomo yards in bruadth of this 
colour. It may be traced about 300 feet northward along the side 
of the pond. The summit and northern declivity present the same 
white rocks, light bluish-grey claystoues, and dark grey and red 
clinkstones passing into greenstones, but iu what order and propor- 
tions cannot be ascertained, owing to the covering of turf. At the 
base of the hill there is a conglomerate c, now covered by the waters 
of the pond, but formerly noticed by Professor Jameson.! 

The south end of fielld HUl, d, called King's Hill, consistsat the 
top of a grey iih white compact felspar, eibibillng a laminar struc- 
ture ; at the bottom it is a greenstone x, having a coneiderablo 
resemblance to that which is quarried 200 yards westward, behiud 
Mr Hoberlson's lodge. The highest portion of BelldHill, from e 
taf, is of the same greyish-while compact felspar seen at d. It is 
aucceeiled at /by a conglomerate forming a crag fronting the west, 
The latter contains rounded masses of all sizes up to half a foot in 
diameter, embedded in a granular base, of which one-third seems 
to consist of red or white felspar, with a little quartz and twu- 
thirds of dayskte or the dark porphyry of the hills. Among the 
embedded masses are a few of felspar as big as an egg ; but ninety- 
nine in a hundred of them are of the same nature with tho base, 
only more compact and harder. There are traces of stratifica- 
tion in it ; and tho dip is south, from 40° to 60°. In the upper 
part of the hill the junction of this conglomerate with the felspar, 
si) far as it is seen, appears nearly vertical (under /) The two 
rocks are distinctly seen in contact ; and the line dividing them 
runs north-east. At the point of contact the felspar assumes a 
slaty aspect; and the conglomerate becomes hard, tliough at a 
amm distance the exposed surface is almost as soft as clay. On 
the top of the hilt, at ^ a depression in the outline marks chu 
change of rock, which is there covered by the turf. The breadth 
uf this conglomerate is about 150 yards, and beyond it, on the 
north, wo hwe the dark grey greenstone .c, which is similar to that 



L9 SECTION Til. 135 

found at x at tlie sotith end of tbe hill. It probably underlies the 
conglomerate ; but their juoctiou is not seen. 

The position of tlio mass of felspar in Belld Hill sBems not to be 
accordant with the bedded atructure, which I have supposed lo 
exist in the porphyries. Tbe hill, however, is so covered witli 
turf, tliat-verf litlie of the rock, is Been ; and of course considerable 
iincerlaint; rests over the relations of its different parts. The con- 
glomerate/, which divides the felspar from the greenstone at the 
north end, does exist between d and z, A mass of this substance, 
about ten feet long, ii seen between d and e ; but it is most pro- 
bably a travelled block. The western and lower part of Harbour 
Hill consists of the same felspar seen in Belld Hill ; and the con- 
g'lomerate lies beneath it here too, for though not eeen in situ, its 
debris are found in the turf in cousitlerable quantity. 

At 1/ the greenstone is succeeded by beds of saniistone, dipping 
W.N.W. at an angle of 30°. A little way eastward, on the road 
to Currie, we find the same sandstone in a horizontal position. 
About half a mile N.W. of this, we find beds of red and white 
sandstone in Kenleith Burn, dipping S.W. at aO" or 25°. These 
beds continue almost to Kenleith vJllage. We also find them half 
a mile eastward among the springs of Bonalley North Burn, from 
whence we i;sn trace them down to the waterfall at the west end 
of Tordnff Hill. 

In this burn we get a pretty conaploto view of these sedimentary 
rocks. The following diagram conveys an idea of their position. 
It is a section south and north. 
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, The greenstones of Warklaw Hill. 

I, Tlie felspar of Tordiiif Hill. Tliis portion of the rock lies on 
' e weit side of the bum, and has been cut through by ilie 

ream, which afterwards flows on the lino of junction be- 

■een the dark porphyry and the felspar. 
> The position of Torduff Hill, which lies east of the lin 
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€,S, Beds of sanditone, shale, and limestone ; e marks the situa- 
tion of the waterfall in the bum at tbe west end of Torduff 
HiU. 

g. The upper waterfall, more than half a mile south from 

A, Thin horizontal beds of sandstone ahove it. 

A, A greenstone Tcin. 

The sedimentary rocks, e,f, are as follows: — Beginning ivith the 
lowest resting' on the felspar of Torduff Hill, there is first, a sort of 
tuff formed of minute fragments of the felspar mixed with red 
clay ; this ptisses into a fine-grained red sandstone, above whieh is 
a coarse-grained sandatone, largely mixed with grains of felspar of 
the size of pease, and exhibiting diagonal laminie. These sand> 
stones are seen near a waterfall at the west end of Torduff Hill ; 
their dip is south, at 10° or 12°. About a quarter of a mile west- 
ward, a limestone conglomerate is seen about e, in a quarrv, dipping 
south at 25° or 30°. Near this, at the remains of an ancient 
camp, the bum divides into two. Following the branch which 
comes from the south, we find, about f, sandstone and shale, with 
an opposite dip to the former, that is, to the north, the inclination 
of the strata^iti both cases hav^ing a general conformily with that 
of the ground. The shale is pretty abundant here, and of a light- 
blue colour. Near the ancient camp is a vein of crystalline green- 
stone, A, of which the part that is visible has a breadth of 12 or 15 
feet. Its apparent direction is W.N.W. and E.S.E. Some beds 
of compact blue limestone, without shells, are found among the 
strata in contact with it. About half a mile above the camp, at g, 
where the ground rises sudiienly, there is a waterfall. Tbe sand- 
stone is found here dipping to tbe north at 30°. It rests on a sort 
of conglomerate, composed apparently of small fragments of the 
subjacent porphyry, cemented by red clay, and resembling the 
lowest bed at the west end of Torduff Hill. Following the rivulet 
southward above the fall, thesurface becomes level, and we find the 
sandstone, h, in a horizontal position, with the subjacent porphyry 
breaking through at intervals. 

The sedimentary rocks just described are found at elevations 
from 6IHt to 1 100 feet above the sea, and from 200 to 600 feet 
above the general level of the sandstones of Mid-Lotliian. The 
<|nestion oecurs, are they n remnant of the sedimentary strata, borne 
up with the traps of the hills when they ascended to their present 
Hloation ? or have they been deposited upon the porphyries since 
that change took place? The liigb inclination of some of those 
rocks, and of the others on Bean Burn, at Bonolley, (in some parts 
40°,) seem to me to preclude the supposition thot they were formed 
after the porphyries were raised to their present elevation. The 
conclusion which best consiels with the facts appears to be, that 
they belong to deposits which Hanked and partly covered the hills 
before the last upheaval of tbe mo^s; that the fractured portions 
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Which ascended with the porpliyries when first upheaved w 
e extensive both in depth, and lateral];, ' 
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ine: been afterwards swept away, leaving: " 
Tisible; and that the diversity of dip and inclination li 
bent sandatona are partly attributable to original inequalities in 
the subjacent rock, partly to dislocations produced by the up- 
heaving tnovemeiil. The greenstone dyke ft, favours this last sup- 
position. Indeed, the entire absence of such dykes in the por- 
phyries of the Pcntlands, would perhaps justify a doubt, ivhethel 
the rock concealed beneath the sandstones here is of that class. 
The greeustone dyke two miles westward at Bevelaw, is in ibe 
clayslate. We now return to the General Section. 

A dark-grey greenatonB passing Into clinkstone is found at Keii- 
Icith, forming the hill on which the village stands. It is well es- 
posed in the rivulet, which has cut a ravine in it to liie depth d[ 
nearly 100 feet. There are obscure indications of a BOUtliern dip 
in it, but at a lower angle than shown in the section. TowartU 
the bottom, at i", there is a grey aroygdaloidal calcareous clayslonc. 
It effervesces with acids, and lias numerous eaviliea filled with cal- 
careous spar. Sandstone is found near it, and the greenstone ap- 
pears again below lliem. These may be embedded in the trap ; but 
it is more probable that their position is analogous to that of the 
sedimentary rocks at A above, and at Tnrphin and Bonalley, a anil 
b, Fig. SI, p. 132 ; in other words, that they rest on a projecting 
lertge of the greenstone. At the paint where the greenstone dis- 
appears. It is succeeded hy a series of beds of sandstone and shale, 
dipping S.W. at various angles from 10° to 40°, but averaging per- 
haps 20°. These extend to the Water of Leith, ucar Cnrrie, whero 
there is a bed or vein uf greenstone, m. At the upper end, between 
these beds and the K^nleith trap, and at the junction, we And a few 
beds of sandstone, ahale, and limestone, presenting their edges us 
at ft, and standing in a poEition at right angles to llie others. They 
are imperfectly teen owing to the covering of gravel; but where 
visible they dip to the north at 30° to 50". Ttioir breadth is ahoiiC 
80 or 100 feet. The most soulhem is a dark bluo compact lime- 
stone, without apparent shells, but traversed by veins of spar. lu 
tlie brook, about eight feet of gravel intervened between it and the 
greenstone, when I visited the spot in 1331. I found a second 
limoslone, of a more earthy texture, a few yards lower, with some 
sandstone, and the beds dipping south were almost in contact with 
them. These beds are interesting so far, as they seem to indicate 
the existence of a line of fissure her«, and thus to mark the outer 
limit of the trap rock in a northern HvksIobe. It is easily luider-rtWe^ 
stood that if a disruption took place, and the greenstone ascended 
here, it might break off, tilt, and carry up with it a portion of the 
Eedimentary rock at the line of fissiire. Had no beds been found in 
this anomalous position, we might have su'pDdaai ftiaX. "Oiw i.'A'iva. 
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*, 111, rested on aledge or projecting terrace of the trap, like tli 
y, h, the one mass of trap being unseen, while the other has been 
exposed by deoudation. It is still possible that this may be the 
case ; but the tilted strata k, may be received as probable evidence 
of a fissure ; and if a portion of the greenstone underlies the rocks 
A, IB, wemayinrer that it was detached from the portion seen aboie 
k, when the latter was upheaved. 

There is presumptive evidence that the porphyries of the Pent- 
lands have been upheaved at their north side to the extent of some 
thousand feet ; but the upheaval took place most prebsblj by b 
succession of lifts, attended witb disruptions, and afieciing the strata 
to a considerable distance front the foot of the hills. This will be 
understood by a reference to what was said at page I07> of the 
Tife coal-field, vrhere ioxaftiahs throw up the coal strata 37S yards 
in a space of twelve miles. If we suppose the centre of the dis- 
turbing action to he in the Lomond or Ochil Hills on the north, 
we find that the part of the strata nearest them has been raised 378 
yards, the next portion southward only 308 yards, the third por- 
tion lOS yards, and the fourth portion 64 yards. It seems rea- 
sonable to suppose, that the upheavals took place in this way. 
The first affected the whole four divisions of the strata, raising 
them 04 yards. Tho second left the outer division unmoved, but 
lifted up" the three others 44 yards more. Tho third lefl the two 
outer divisions unmoved, but lifted up the third and fourth 'JOO 
yards more. The fourth left the three outer unmoved, but lifted up 
the fourth 70 yards more. These lifts not being vertical, but 
inclined at a considerable angle, tho actual elevation of the fourth 
or highest division, according to Mr Landule, is only about 2tK> 
yards, while that of the summit of the Ochils here is perhaps 600. 
It is probable, therefore, thatthe three or four other faults occur be- 
tween the upper limit of the coal-field and the foot of the hills, 
raising the inferior strata (calciferous sandstones) 100 yards or more 
Vertically; and thai, subsequent to all these changes, one, two, or 
more upheavals took place, confined to the porphyries of the Ochils 
alone, pushing them up 200 or 300 yards above the strata on their 
fianks, which had previously accompanied them in their movementa- 
We have another example of similar changes produced by dist< 
tions, in the Alloa coal-field, which will be adverted to aAerwi 
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Tnia section extends in a north-west direction, from a point 
half a mile west of Silverbum, through Camethy and North Black 
Hill to Balerno Burn and the Water of Loilh. Its length is about 
four and a half miles. The series of rocks, beginning at the south* 
east end, is as follows : — 

, Clinkstone of a greenish-grey colour, a, seen at Lawbeod, 



and alreaOy deecribed. Tills extends to the foot of the southern 
aeclivitj. 2. Tn tliia succeeds a large bed of porpliyry, b, as- 
snniinif mauy different aspects. In a quarry at the pass betwiit 
Carnetliy and TurnhousE Hillit, the base is a bluH or purple clay- 
stone, thickly spotted with crystals of wliiCe felspar. The ruck 
weathers deeply ; the exterior portions, to the depth of six or eight 
feet, becoming yellow, or red and yellow in spots or stripi^s. A 
little below the top it is a hard white compact felspar, translucent 
at the edges ; and at the top of Carnethy it is a greyish-white fel- 
spar porpliyry, passing into homstone. This ruck extends about 
^00 feet beyond the summit on the northern declivity. 3. It is 
succeeded by a bed of bluish-grey greenstone, of small depth. 
4. A bed of amygdaloidal porphyry, c, the base of which assumes 
a brick-red colour in weathering. It contains nodules and veins 
of quartz and agato, and may be traced a good way down the . 
northern declivity, particularly on the west side. We have the | 
same bed to the westward under South Black Hill,* and at the eum-^ 
mit of West Kipps Hill, as well as far to the eastward at Kirkyetton I 
Crag ; and at each of these localities it occupies an analogoii»^ 
position, lying under a large be-d of whitish claystone or fel- 
spar. 5. Under this is a bed or series of beds, d, of porphyry 
and greenstone, of which the base is generally greenish or bluish- 
grey : it is often fine-grained : sometimes compact ; lometiiues it 
is a greenstone translucent at (he edges, as in a quarry at a small 
group of Irees on the side of the bum ; and sometimes it resembles 
basalt. In a quarry, e, a quarter of a mile west from Logan 
House, but higher up, it has the character of a greenstone ; and 
we lind the aame rock eastward bcliind Mr Robertson's lodge, of a 
darker colour, and much veined. 

At one spot on the side of the bum, under Carnethy, a small 

Cirtion of conglomerate is found. It is about half a mile above 
ogan House. The pebbles are rounded, few being larger than 
an Bgg, and they are chiefly of old red sandstone. The mass is 
ten or twelve feet thick, and a few yards in length. 

In a small burn coming from tlie north, at an old vaulted build- 
ing supposed to ba a chapel, there is a thick deposit of ciaystone 
tuif; it is of a mottled colour, yellowish externally, but blue in a 
deep fracture. It is regularly stratified, is 30 or 4(1 yards in depth, 
and dips to the S.E. at 25'. The dotted space between (f and e 
marks the situation ; but it is probably a local deposit, not reaching 
to the tine of eection. For distinction's sake I call the small burn 
( 14 in the map) " Chapel Burn," 6. Under these rocks we have 
a vast deposit of flesh-coloured compact felspar, /, forming thfri 
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prineipa] mass of Nortli Black Hill. Owinff fo a tliick covering 
uf pent, it is only seen at a few places. Tim aurfacQ eiliibila 
iiUQieroiu fissures, niid it breaks into rhomboidal or apalliose fVag. 
ments, the length and brcndlh of which much exceed their thick- 
ness. )t is generally of a flesh colour, and somctimeE displays 
erabedilod crystals in faint whits or grey Epots. In the little bnrn 
(15 in the map) which flows eastward on the sonth side of the hill, 
it assumes the aEuect of a rou^h elaystone of a white or greyish- 
white colour, and disponed in laminic, which are much contorted. 
Al the north-west part of the hill also it passes into a claystone : 
and this, with the absence of all traces of a bedd^ stnicture, leadi 
ine to tliink that it is wrapped over the greywacke filale in the 
manner shown in Ihe section. This rock differ* a little from the 
felspar of Belld Uill ; but the difference is not greater than might 
' exist between two parts of the same igneous mass. The relations 
of the two hills, bowever, and of the adjoining rocks, do not favour 
this supposition. 7. The felspar rests on vertical greywacke slate, 
which is beuutif\illy exposed at the head of the glen, westward of 
the line of section. The following is a view of the two rocks, as 
«een from a point about fifty yards distant, The horizontal extent 
of the slate a, a, is about 400 feet ; and there is a second por- 
tion, about thirty feel in extent, displayed forty yards lower in the 
Taliey. 

Fig. as. S 




a, a, The vertical slate ; some of it is like primary cluyslatc, 

blue or greenish-grey coloured, hard and briti' 
a light brown ; some a deep red, a true saiidston 
to yield easily to the knife. 

b. It, The incumbent moss of yellow conip.ict felsjiar, some hi 

dred feet thick. 

, c. The appearance of the felspar at its Junction wilh the slate 
is changed. The portion nearest Ihe slate, to the depth of 
four or five feet, is of a grey colour ; the next has ii tint of 






red mixed with the grej ; acid about three yards above llie 
slate, the felspar appears of its usual flesh colour. I take 
for granted, that a similar chang-e in the slate of the feUpar 
exists along the whole line of junction ; bnt it was acces- 
sible only at one spot, about Sfly feet aboie the level of the 

The vertical slate is found again at the north-weat corner of tba 
hill, and a small portion at its nortb-east end, about 100 feet above 
the sirampy hollow which divides it from Belld Hitl. I have no 
doubt, therefore, that it exists under the felspar cover along the 
whole extent of the hill, on this side, as shown at g in the section. 

The top of the North Black Hill has generally acovering of peat 
four or five feet thick; under this there are some yards of feUpar. 
gravel, and bluish clay ; and in these materials there are long and 
deep cavities holloved out by the r^n. At points where the peat 
is thin or entirely wanting, there are a few rolled masses of trap, 
conglomerate, and sandstone, of all sizes up to two cubic yards. 
On the steep declivity which forma the cast end of the hiU, there 
is a sandstone boulder of eight tons weight, about 400 feet above 
the adjoining valley, and at a part where the surface, both above 
and below, slopes at an angle rather exceeding 45°, The west 
branch of Chapel Burn flows in a small ravine, in which tliere are 
.50 or 60 feet of travelled soil, red-coloured and loose, a newer allu- 
vium. Amongst it are seen blocks of felspar and sandstone, some 
of the latter of eight or ten tons weight. The felspar is evidently 
derived from the rock which caps the bill. 

At the north foot of Black Hill, near Craigintarrie, we find ths 
sandstone h. It is reddish- coloured, in thick beds, and dips 
"W.N.W. at angles from 83° to 60°. The beds present their ends 
to the Black Hill, and seem from their position to lean against a 
projecting foot of Belld Hill. 

Beyond this we find a groat deposit of sandstone and shale, i, 
which may be distinctly traced in Bevclaw and Balerno Burns.* 
From Balerno up the water-course to the eastern angle, the dip U 
uniformly to the S.S.W., and at angles varying from 10° to 45'. 
Above the eastern angle, that is, in Bevelaw Burn, tile dip is from 
25 to 45", and very nearly south. The lower part of the beds, 
towards tlie Water of Leith, consists of sandstone with a very little 
shale ; the upper, which is seen in Bevelaw Burn, for half a mile 
from the angle, consists chiefly of blue and red shale, with little 
sandstone. The sandstone i^ generally firm and fit for building ; 
but some of the upper beds are micaceous and slaty. There are 
some thin beds of limestone : one is seen at the eastern angle, 
another in the small branch stream which Hows westward from 
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Craigintarrio ; and there are several otliers. No bU[:k shale is 
Tifliblu in Beselaw or Bulerno Bums. Westward from Threap- 
muir the channel of the stream exhibits nothing but claj and 
gravel ; so that the junction of the sandstones clipping to opposite 
points is not visible. It aeema probable, however, that their posi- 
tion is S3 shown in the section. The vertical slate is not seen at 
g, but its existence there may l>e inferred. 

Arrows have been inserted in Ihe map of the hills, to exhibit the 
diverse inclinations of the sedlmentar; rocks just mentioned. In 
Balerno Burn {arrow h) they dip S.S.W. ; those near the village 
from IIP to 30" ; those farther up from 23° to 35°. In Bevelaw 
" ' a small branch stream, (arrows i an^ *,) they dip nearir 

10 45°. In Kenleith Bum, (arrow n,) they dip S.S.W- 
ilow the village from 10" to 40°, above at 10°. At Craigintarrie, 
. rrow m,) they dip W.N.W. from 35" to GO'. At tlie north end 
if Belld Hill, they dip N.W. On Che upper branches of Ladv 
Bum, they dip N.N.W. (arrow p,) and S.S.E. (arrowy.) At 
Tnrphin, (arrow *,) tliey dip S.E. ; at Bonalley, (arrow r,) S.K. 
Thence, eastward to Droghom, (arrows t, u,) nearly S. 

The correspondence of the beds at m, in the lower part of Kenleith 
Burn, and at h, t, and h, render it prabahle that the whole aro one 
continuous deposit. The distance on the map from m to i, where 
the strata disappear under the gravel, is fully two mites; and 
Throapmuir is 300 or 400 feet above the water at Currie. Esti- 
mating the mean dip at 20', the entire thickness of the deposit, if 
fault) do not intervene, will be 3S00 feet. Even the strata exposed 
in Balerno and Bevelaw Burns, up to >', whose dip will average 20", 
mu^t have a depth of nearly 2^00 feet. The abundance of blue 
shale in these strata, and in those to the eastward, alp, q, r, I, and 
u, with the frequent occurrence of thin beds of limestone, lead me 
to refer the whole to the upper part of the calciforous sandstones. 

Bevelaw Bum exhibits a very beautiful specimen of the actioD 
of rivers in excavating their Ijeds. From Balerno upwards the 
land on the opposite sides of the stream is evidently part of one 
continuous plain. At the eastern angle near k in the map, the 
ground presents an extremely slight rise of perhaps one foot in 
lilly on the west and east side of the stream, in opposite directions ; 
■bowing, Ist, that the river, in turning from an easterly to a westerly 
eoursQ here, was determined by a very slight inequality of surface ; 
2d, that the levels have not heen disturbed since ; and 3d, that the 
excavation of the channel is entirely the work of the stream. The 
depth is in proportion to the rapidity of the descent. In the lower 
reach from Balerno to the eastern angle, the ravine is from 40 to 
80 or too foet deep, and the fall great j but above the angle, where 
the course is comparatively level, the depth is small. A person 
laying his bead on the grubs within 20 yards of tlie river bunk, 
'~ uld sre the plain on t)ie opposite side as a continuation of that 
which he rested, and never suspect that a ravine of tiO o 
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Section, No. IX. 



This section eJctends from llio higli.ruad & little weat of Silver- 
burn, through tlie South Black Hill, across tho Linn at Habbie's 
How* to BeveliLw Burn. (See the map.) Its length is about 3^ 
miles. The rocks at the south fooC of South Bkck Hill, a, am 
similar to those at the foot of Carnethy. At various quarries or 
other oponings, we find a greeuiah-grey and a bluish-grey clink- 
litotie. streaked with red ; a deep brown porplijry of the same 
«pi)cius, sometimes amygdaluidal, containing small quartzy no- 
dules coated with green earth ; these are eucceeded by grey or 
purple or white claystone and felspar, generally containing grains 
of u different colour, and forming llie aumoiit of the bill, b. On 
tho northoru declivity at c, about 200 or 300 feet below the summit, 
tho claystone is seen in strata fram half a foot to two feet in 
thickness, and subdivisible into thin laminEc ; they dip to the S.E. 
at 30'. The surface is covered witb herbage for ^00 or SCO feet 
below this. In u rivulet, to which I give tho name of South Burn, 
ruimiiig right northward, and falling into Logan Water at the head 
of the glen, we have a good display of tho rucks at the base of 
South Black Hill. In the descending order these are — 

Below c we have a greenstone, which [lasses into a grey or red 
amydaloid, coulaiuing agate nodules, with others of qiiarti! and 
calcspar, often coated with green earth. The largest 1 »aw are 
about an inch in diameter. They are of a rounded or oval form, 
and the cavities in which they lodge have smooth surfaces. Some- 
times the nodules are hollow, and have the inside coated with crys- 
talSi forming " drusy cavities." Ttiis rock Is found at a corre- 
sponding height under Carncthy, and constitutes the summit of 
West Kipps Hill. Somewhere about d, there is a bed of breccia. 
It is seen in a quarry on the weat side of the hill, about 300 
feet above the fiirm-house of East Side, -and is in thick beds dipping 
S.E. at a considerable angle, and seemingly passing under tho 
porphyry, ad shown in the Section. I discovered no trace of it in 
Soutlt Burn, but it may exist there ; or it may be a local deposit 
of narrow extent. It is composed of angular fragments of the va- 
rious porphyries ou which it rests, sometimes a foot in breadth ; 
among these may be distinguished the amygdaloid of West Kippa 



1 



Is tlw bfAyt Lngu Houh Oltu, 



Hill, grey clinkstones, and grcenstancp, like those of East Kipps 
Hill ;tud South Bum ; mid Uesh-coloiired felspars like those of 
North Black Hill. The whole are united in a base of finer matter 
of the same description. Under the amygdaloid we have the green- 
stone agai[i, which extends duwnwards over a spacu of perhaps 150 
yards. It becomes gradually lighter, aud passes into n claystone, 
and this, at the mouth of the bunt, passes into a claystone tuff, e, of 
a mottled whitish-grey colour, disposed in laminie. The tuff rests 
□n a red slaty fine-grained sandstone containing mica, under which 
is a red claystone porphyry. These rocks dip S.E. at 40'. Neit 
to this we have a common red sandstone f, seen at intervals along a. 
space of 100 feet in the brook. Tho surface is much covered with 
herbage here, and the relative position of the different rocks can 
only be guessed at. Fromy to A we have a bed of conglomerate, 
about the middle of which, in a. deep and narrow channel, i/, is the 
waterfall of Habble's How. The bed of conglomerate is probably 
250 feet in depth, and consists of strata from one to three feet thick. 
In the lower part, at the waterfall, the inclosed musses ure some- 
times angular, and among them are pebbles of quartz, felspar, jasper, 
and flinty slate. In the upper part the masses are larger, some- 
times nearly a foot in diameter, and with few exceptions heaatifully 
rounded, and smooth in the surface like cannon-halls, as if they had 
been rolled for ages in water. They are generally of &n ellpsoidal 
form, and resting on their sides, rarely on theiredges. Nine-teDths 
of the masses are of the same substance with the paste which unites 
them ; it is a bluish-grey aggregate, formed of miiiule grains of 
quarlz, felspar, clay-slate, &c., and of considerable hardness- They 
partake more of the nature of greywacke than sandstone.* Beds of 
the base, a few feet in thickness, alternate with the rolled masses. 
Two large detached portions of this conglomerate are fouud on the 
west end of Nortli Black Hill, opposite the waterfall. In these, a 
half or two-thirds of the paste of the lowest beds consists of thefleah- 
colourcd felspar on which they rest, worn downto the dtatcof coarse 
or fine sand. There are numerous angular fragments of the fel- 
spar aino, hut few rounded pieces of large size, owing no doubt to 
the tendency of the rock to break into small portions. 1 n the up- 
per beds, on the other hand, the paste consists almost entirely of 
comminuted clayslate or greywacke, or older portions of the con- 
glomerate itself, and the rolled masses consist of the two latter sub- 
stances with few exceptions. The direction is nearly at right 
angles to that of the other rocks in the Eastern Pontlanda, the dip 
being S.S.W. at 20" or 24°. The stream has cut a passage in this 
conglomerate above the cataract to the depth of eighty or a hundred 
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feet, and extremely narrow. If we pass alnn^ the burn about balf 
a mile westward from the waterfall, we find the conglomerate alter- 
nating several times with a soft red saailatone of the ordinary kind, 
in large flags ; and at one point, about 200 yards from the cataract, 
we find a thin bed of limestone in nodules, similar Co the limestone 
found a. mile nortlinarda nearBeveluw. 

At the bottom of the conglomerate, and fifty yards from the linn 
on tba left, a small portion of a bed of the flesh-coloured felspar is 
seen ; and as we pass northward, we Sad the same rock assuming 
the character of a claystone at a greater elevation from h to i, on 
the west side of the ravine. It is a portion of the muss which forms 
the cap of North Black Hill, and may be seen every where on the 
opposite or east side of the ravine. 

About 100 feet of rongh sandstone mixed with some conglomerate 
is seen at i, on the north side of Hare Hill. It is probably a part 
of the beds seen in the burn above the cataract, and which certainly 
form the upper part of Hare Hill, The rock is nowhere visible 
on the summit of this hill, owing to a thick covering of heather, 
liut large tables of a soft reddish sandstone, dipping westwards at 
10% are found near the footpath, and in the burn towards 12 on tha 

In juxtaposition with the sandstone at i, we find the vertical 
slate. It is clayslatc, but mixed with beds of the fine-grained grey- 
vracke. This slate also constitutes the projecting foot of North 
Black. Hill, which is scon on the opposite aiiie of a marshy hollow, 
100 feet deep and 200 feet broad. Over a space of half a mite 
westward, k, the slate is seen at intervals where the herbage is want- 
ing. At some places it is much decomposed, and soft enough to be 
kneaded by the fingers, yet still retains the usutd structure ; and at 
others, portions of the claystone are seen in contact with it. 

A vein of greenstone, m, near Bcvelaw House, is found in the 
slate, having the same direction, that is, N.N.E. It is abont fif- 
teen or eighteen feet broad, and in transverse prisms. 

About a quarter of a mile from the vein is an old sandstone quarry, 
where we meet, however, only with broken pieces ; but about half 
a milo farther west we find the sandstone n, t'n situ, at an old lime 
quarry, (seethe Section.) It dipa W.N.W. at 10°. The lime- 
stone is of a grey colour, compact mid hard, with a splintery frac- 
ture. It is similar to the limestone found above the waterfall, and 
to the thicker bed found In Mr Ferrier's quarry at Mickle Knock, 
four miles westward, (at 4 in the Map.) At Bevelaw the bed seems 
to be from two (o three feet thick. 

The position of the rocks at this locality is complicated and in- 
teresting. It is one of the spots which should be carefully studied 
by those who would investigate the structure of the hills, and soma 
details will, therefore, not be out of place. 




The above n n n alure u ap of the space at the head of Logan 
'ouse Glen ealleil Hnbb e b How w ih the parts adjaoeut 
N B IhewesteidofNorthUlackllll 

S B The no her dccUTiCy of So th Black H 11 ^H 

H. Hare Hill. ^H 

r. r, r, Logan House Burn. ^^H 

t. South Burn, which flows from South Black Hill. ^^H 

ID, The waterfall, marked jr in the General Section, ^^^ 

X, f -', Tlio white space ia the low alluvial soil along the stream. 

The arrows indicate the dip of the rocks. 
1, 2, 3, 4, 5, 6, Portions of the vertical slate, the fundamental 

rock of the hilU ; 6 is tlie portion figured at page 140, 
p, n^, a\ a^. The flesh-coloured felspar which covers the sJate: 

at a and a', and uii the part of Blnck Htil next to % it ia a 

h, h% The beds of conglomerate which partly cover tlie felapar. 
d', £', Two detached portions of the same conglomerate-, un th? 

of North Black Hill, and with the same dip. 
c, A poKion of sandstone, 100 feet in hreadth. seen at the 

mouth of South Burn, t. 
£-', A portion of perfectly similar sandstone, and of iicarly tho 

same breadth, seen near the vertical slate (J, on the north 

side of the valley. 
rf, A bed of reddish claystone patphyry, also seen at the mouth 

of South Bum. 
dh A lied of reddish claystone porphyry, resembling a land- 

etoiie, and assumed to be a continuation of tl. Above this is a 




iw dotted space be^ 
d beCwaeii d: and e-'. 
1 its lower part iulo 
3 inches tliick. aud 



I' Pad alaty sandstone, marked by a narrc 
^ tweeii i/and e. A similar deposit is foun 
lA. light-grey mottled clayatone, passing ii 
■ claystoiie tuff. In laniinte from 1 to 6 
reatiiig on the slaty suudstone. 
t\ The continuation of this on the other eido of the valley. 

f, A bluer and more compact cluystone. 

g, A greenstone, which covers aneitonsive space in South Burn. 

Both yand g are found on the north side of the stream, g 
is first met witli near Chapel Burn, (14 in the large map of 
the hills.) It spreads out to a great thickness, uud is found 
in quarries behind Mr Robertsoo's sfaootiiig-lodg'e. 

h, The amygdaloid, described p. ISA, which does not seem to 
cross Logan House Burn. The greenstone g assumes 
different aspects. It is flne-graioed ; sometimes compact, 
passing into a clinkstone ; sometimes contains thin veins of 
white quartz, as in Mr Robertson's quarries. And e,_/,aml 
g, pass into each other by Insensible gradations. 

(, The sandstone forming the top and vFestern declivity of Hare 
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ir boundaries of a, a-, c, c'-, and of 3, 4, 5, cannot be 
, therefore, merely conjectQrat. The relative posi- 
tion of the rocks will be a little belter understood from the two 
sections below. 

Fig. 55. 

The letters and 
figures here corro- 
upond with those in 
the little map. 

3, 4, 5, Portions of 
the vertical slate ex- 
posed in nn abrupt 
declivity at llie nortli- ■ 
east foot ofHurcHill. 
Thin beds of greywacke are frequent in the slate. 
a, A masj uf greyish-while clays-tone, resting on the clayslate, 
which here dips westward. The claystone is in strata frnni 
a few inches to two feet in depth, where it is in contact with 
the slate, and has the same dip. This laminar structUTB is 
most probably the effects of cooling. I infer that the clay- 
stone merely fills a hollow in the vertical slate here ; and I 
think there are similar isolated masses in contact with the 
slute farther west. 

if sandstone occupying a cavity in the slate. It !• 
e sandstone, passing iiito conglomerate at the t>ot- 
tom, and is about one hundred feet In breadth. 








^^^H a-, The claystone is seen ia silu lav down, anJ in itie ravine 

^^^H above X we have its gravel ever; where breaking Ihrough 

^^^H the soil. It may be uafely assumed that the vertical slute 

^^^H exisiB uuder it here, as shown in the figure, though it 'm not 

^^^^^ , b\ The more northerly detached mass of cong'lomcrate on the 
^^^V ' west end of Black Hill, with the flesh-coloured feUpar 

^^^g ^^^^^A The letters it 

[i ff2 o^^HBmi^^I also correspond with those iu 

the map. 

ia. The strata of conglo- 

the waterfall.' 

The detached mass on 

end of North Black 

'■ Hill. 

X, The idlaTialbottom ofthe valley, 
felspar probably exists under 
mass, marked ui in Fig. 54. 
A few theoretical remarks are necessary to elucidate tlie compli- 
cated relations of these rocka, as to some of which, liowever, it is 
difficult to speak with certainty. 

1. The appearance of the vertical slate at I, % 3, 4, 5, and 6, 
leaves no reason to doubt that it underlies all the other rocks here, 
though the precise position of the part that is invisible must be 
matter of conjecture. 

2. The surface of tha vertical slate had been unequally worn 
dowD by water, and above it was deposited the flesh-coloureri felspar 
a,ai,a', in a state of fusion, or at any rale of high temperature; for 
the rock is discoloured to the distance of two or three yards from its 
junction with the slate. The felspar would extend in a current 
over the slate, filling up cavities and lessening inequalities. 

3. The other porphyries d, d; e, e',f,f, &c., Fig, 54, were de- 
posited above the felspar ; and in the intervals between the erup- 
tions of igneous matter, the plav of the water on their exposed sur- 
faces would, in some cases, and at some localities, generate tuffi 
such as we find in South Burn between d and e, and in Chapel 
Burn near e', where wo have beds of claystone tuff one hundreil 
feet thick ; or conglomerates, such as we find opposite Cliapel 
Burn, and above Westside Farm, (rfin Section IX.) 
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4. In a cavity amiddt these rocks, either orig-inal, or produced by 
aqueous donudatioii, tlie strata of conglomurate b, 6j, 63, &i, Fi^. 
54, wore formed By the loiig-coiitinued antion of water on tlis 
pre-exiating' roeks, but cliiefi/ on the clajslate and groywackc 
found westward and northward. These strata seem to me to oc- 
cupy a cavity, as shown in General Section, No. IX. Th^r 
breadth from/to h maybe one thousand feet. Their length from 
a\ Fig. 54, to wliere they are succeeded hy the sandstone in the 
burn near /, may be two thousand or three thousand feet. Their 
entire deptii ia probably tiiree liundred feet. My first impression 
was that the conglomerate formed a bed among the piirphyrie>^, 
like d or e, (General Section, No. IX.,*) but this conclusion seems 
untenable for two reasons. First, not a trace of it is visible 
in the ravine of South Bum, at e in the section, where, on this 
supposition, it should have been found. Second, the beds d, e,f. 
Sic, distinctly cross the valley, and reappear in d', e^ ; and the con- 
glomerate should, in this case, have been found uuder di, that ia^ 1 
in the position occupied by the sandstone c', where it ia not seeBf^fl 
and would have been seen if it had existed. ■ 

5. The sandstone c, c', admits of two explanations. It may b» ^ 
a component part of the vertical slate. Among the beds of that 
rock at 6, close adjoining, are sonae of red sandstone one or two 
feet thick, and not distinguishable from it in hand specimens. 
Where seen at cs, it stretches up vertically eighty or one hundred 
feet, till it is lost among the heather; and the true vertical slate 
reappears on its east side. It occupies the space z in Fig. 53, p. 
140. The want of the stratified structure, however, either vertical 

or transverse, is adverse to this supposition ; for all the part that ia 
visible seems divided by fissures into irregular angular fragments, 
like soma traps. Or, secondly, as the vertical slate probably once 
occupied the greater part of the space from xi to *, (Fig. 34,) we 
may eiippo&e that, in the progress of the waste which has removed 
it, a cavity was cut which was filled by the sandstone then forming, 
probably the upper beds of Hare Kill. Ia this case c^ may bo 
merely the remnant of a mass which extended across the valley 
&amj:' to s ; and instead of being emieddtd in the vertical slate, it 
may be merely leaning against it. The reader must keep in mind 
that we merely see opposite z' a small breastwork of sandstone; 
but wliether it extends one yard northward or one hundred yards, 
we have no means of ascertaining. At a again, we ace nothing . 
but isolated parts in the brook of what seems to be a bed, but of 
its extent southward we have no knowledge. The form assigned 
Id c and c^ in the miniature map, is merely hypothetical. | 

0. Previous 10 the deposition of tlie great bod of conglomerate p 

• In thlh u Id th* other Gonenl SeotlDiu nf tba IiUK tbi 
lllrivk IIIllby«>)i«ititarli>nI<Inew«twardB.lHillii 




in tho cavity h,f, the porphyries had been raised into an inalined 
positinn ; but not [hat which they now e:(hihit. Their dip will, 
perhaps, average ahoiit 30° to S.E., while that of the conglomerate 
is above 20° to S.W. Since it ia plain that strata composed of 
rounded globes, must have been formed iu a position almost strictly 
horizontal, a movement which these underwent must have raised 
their north-east, or depressed their south-west side. This waa 
certainly a local and limited movement, ciiiefly affecting North 
Black Hill and Hare Hill ; for the dip and direction of the beds of 
coDglomerate, and of ihe sandstone covering it, differ from that of 
all the adjoining rocks where tlie stratified or bedded structure is 

JF the conglomerate was formed after the porphyries of Eitst 
and West Kipps Hills, and lies in a cavity at their foot, as here 
supposed, fragments of the rods of these hills should be found 
even in the upper beds. I have not seen them there, however ; but 
It is right to add, that I did not search for them so diligently at 
to warrant the assertion that they do not exist. 

7. The movement which raised the north-oast side of the con- 
g'lomerate, probably caused a dblocaCion along the line of Logan. 
house Bum, and by shuttering the rocks, aided the water in exca- 
vating, or rather deepening, that valley. It seems reasonable to 
suppose that the valley owes ita existence to two causes. First, 
to the original position of tho rocks, the upper beds nut completely 
covering tlie lower ones, but leaving angular spaces, which became 
cavities when the inclined position was assumed. Second, to denu- 
dation, for we cannot suppose that currents of fluid matter could be 
heaped one abore another, with their exposed sides forming mural 
precipices, such as the north sides of Carnelhy and Soutli Black 
Hill woidd be if the beds were brought into the horizontal posi- 
tion, (See General Sections VIII. and IX.) Further, we find that 
the line of tho valley crosses the beds, as shown iuthe miniature map. 
From the correspondenco of the beds, however, on the opposite 
sides of the valley, it si^cms pri>bable that the dislocation was not 

8. It is plain from the truncaCed appearance of the conglomerate 
strata near the waterfall, and the JEolatod portions of them on the 
west end of Black Hill, (see Fig. 54,) that th<>y once extended 
across the ravine x, leading to Bevelaw, and also in an easterly 
direction towards xi. It is not impossible, therefore, that they 
might originally occupy the whole valley, and that both the strata 
belvreon Belld Hill and Harbour Hill, (at 16 in the general map of 
Ihe hills,) and the small portion opposite Chapel Burn (14 in the 
m^,) may belong to the sarne deposit. But the latter seems not 
to be merely in contact witli the beds of Carnethy, but lo pass under 
them, and the eutiro disappearance of every remnant of the conglii- 
merate from both sides of tile valley, is a fact adverse to this sup- 
pciition. Again, what origin are we lo ascribe to the conglome- 
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rnte at tlie nortli-end of Belli! Hill? (f in General Section, No. VII.J 
It ctoBel,v resembles the lower beds of Hobble's Hoir (seen at£'i a 
b\ in the miaiature map,) particularly in the Bbiuidauce of red 
fleih -coloured felspar ia the paste. This, apparently, could ouly be 
derived from the felspar of North Black Hill, from 'vrhich it is 
divided by the open ravine called Den's Cleugh. In that case the 
(air inference would be, that it was formed at the same period with 
the conglomerate of Habbic'a How, and that the two are merely 
remnants of a much more extensive deposit which may once have 
covered the whole hill. The position of the eastern conglomerate, 
hoirevor, which dips at 43° to S.S.'W., and the entire absence of a 
aimilar rock in the interveninpr space, so far as it can be examined, 
are circumstances not very consistent with this idea. 

Xipps Hill and Broad Law — Those hills lie between General 
Sections IX. and X. Kipps Hill lias the shape of a painted cone, 
with concave aides : a section of it, in a N.W. and S.E. direction, 
would present this appearance : — 
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, The summit of this conspicuous hill is a sharp ridge, about 
200 feet Ion); and six or eight broad : the rock is in beds 
dipping to the S.E. at 40°. The upper is the amygdaloid, 
rapeatedly described already. The nodules are generally 
coated with green earth, often long-shaped, many of them 
like beans, and some like fingers. This peculiarity charac- 
terises the cells of lava currents, the length of the cells 
indicating the direction of the current. 1 examined the 
rock with a reference to tliis point, and thought that the 
length of the loug-shaped cells generally corresponded with 
the dip ; but the eiamples were not numerous enough to 
entitle me to speak with confidence. Belovr this rock liei 
one of a dark-grey colour: it is an amygdaloid also, c 
taining grains of calcareoiis spar (and probably other 
uerals,) which weather out, and give it a cellular appear* 
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ancc. It is largely exposed on tlio western flank of tlie 
hill. The northern dyclivily is covered with turf; but I 
have assumed that the conglomerate of Haiibie's How lies 
above these be<Is, as ahovrn in the Figure. The incltuHtioR 
of the beds is made grealer ill the diagram than it is in 

}).Loganhouse Burn above the waterfall, with Hare HilJ, A, to 
tlie left. 

I, East Kipps Hill, which licseastof the line of section, and is re- 
presented in shade. It consists of a porphyry with a red base, 
and small white crystals of felspar, with a fevf grains of 
green earth, A similar rock is found down in the valley 
e, in the water-course, 600 feet below d. 

t. South Black Hill, also in shade. 

; The supposed junction of the conglomerate and porphj 

corresponding to/ in Section IX. Broad Law lies tS 

quarters of a mils south of the two Kipps Hills, and Monk* 
rigg Hill extends northward from it. It is here that the 

eirptiyries which compose the eastern mass of Pentland 
ills terminate. Beyond this there is little porphyry till 
we come to Mendick Hill, about six miles westward. ■ 

Fio. 58. fl 
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south-east direction from Spittal Hill 

■t of Monk Burn to Broad Law. 

iurn. Tlie vertical slate a, is seen in the upper 

of this rivulet, and can be traced over Spittal Hill, i, 

Gntterford Bum, 17. 

6, The overlying congiomerate of Monkrigg Hill. 

C, The upper beds of this conglomerate, wliich are well eipi __ 

in the rivulet on the west side of Broad Law. They are 

partly slaty, and dip, like the others, S.E., at angles from 

30° to 45°. They seem distinctly to pass under the felspar. 

it, A mass of flesh- coloured compact felspar, 300 or 400 feet 

thick, of a rounded shape, forming all the upper part of 

Broad Law, This felspar mav be examined in a quarry on 

the south side of the hill. It lias a slaty ' ~ ~ ' 
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a small hilt, & quarter of a mile south from Broad Latr, wb 
find tbe compact ^reenisli-grev cUnkstono, 'with a slaty tendeucj, 
nhich is ee«n at the t'uot of ^Uck Hill, Carnethy, and at other 
places OQ the south side of the eastern Pcntlanda. 

In Monkrigg Hill the traps of the east end of the Fentlands 
unite with the conglumerates, which are so largely developed in 
the west. The ridge is of very email breadth ; and while we flnil 
conglomerates every where on the weat side, we find traps every 
where oil the oaat. If wo proceed along the east side of Broad 
Law and Monkri^g' from the south, the rocks meet us in the fol' 
lowlngorder; — 1. The Sesh-caloured felspar of Broad Law. 2. A 
dark-grey porphyry, seen on the road at West Side Farm. 3. An 
amygdaloid with large white grains, partly of calcareous spar, 
which weather out, and leave it cellular at the surface, IE wo 
travel along a line parallel to this, but 600 yards to the westward, 
we Snd every where conglomerate. 
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Tbis small sec 
Nino Mile Bum, i 
branch of the sam 



extends from the Eak below the village 
IS Spittal HUl, to the most remote nurthei 
er. lis length is nearly three miles. 
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D, Decrhope Burn, a branch of the North Eak. 
C, Cockrigg Hill, the summit covered with heath, but shoi 
vertical slate romid its skirts. The direction N.N.E. a 

s.s w. 

O, Gutterford Bum. There arc beds of greywacke, from a 

to two feet thick, mixed with the slate here. 
Spittal*Uill ia composed of alCernaling beds of granular a 
rolled conglomerate ; dip &.%' S.E. 
N.M.B., The vJUage oi Nine Mile Bum, marked o. 
N.E., The North Eak. 
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The conglomerate disappears under a covering of clay and soil, 
a few janla north of tliu village. Tlie same alluvium coolinues for 
iioarjy a quarter of a mile down the course of the rivulet. Belov 
this, in the narrow ravine cut bj the atream, wc have a fine display 
□r great beds of shale, a, part blue and red, part of the bluok bitu- 
minous kiud, approaching tu ci>al, with stiining curved clc4vage 
surfaces. With this there are intermixed some beds of sandstone, 
full of vegetable impressions ; and I saw one bed of limestone throa 
or four feet thielc (marlted with a heavy line.) The strata have a 
X.E. and S.W. direction, and are perfectly Tertical ; or, where 
they duviate from this position, they generally dip iu towards the 
Iiills. These edge strata continue for libout 400 or fiOil yards, 
when, at b, we come ail of a sudden to the- strata c, nearly fauri- 
zontal. 

The space at h, which divides the vertical from the horizontal 
sandstone, in the bed of the stream, is only about llfleen feet In 
breadth. It is filled with gravel. The banks above are clothed 
with herbage and shrubs [ and I was not ablo to ascertain whether 
the divbion forms a vertical lissiirc, or whether the level beds pass 
over the ends of the vertical, su that the latter would be found under 
c, as assumed ill the Figure. Tiie first of these level beds visible 
is sandstone, and about sii yards thiclt ; the next is of dark- 
coloured soft shale, containing layers of clay ironstone, and Is of 
nearly the same thickness : then follow various sandstones, ap- 
proaching to a dead level as we advance towards the Esk. Tbe 
uppermost beds, which are well exposed in a waterfall at the junc- 
tion with the valley of the Esk, are about sixty foet deep, without 
any admixture of shale ; the superior strata are thiu ; the lower 
are thick, and exhibit curbonaceous impressions of plants and dia- 
gonal laminee. The plants seem to be chiefly of two species, Cala- 
tailea and Lepidodendra. This sandstone is seen in strata from 
otic to six feet tliick, on tl)e banks of the Esk down through Sir 
George Clerk's parks ; and I have no doubt that the beds at Rosliu 
belong to the same deposit. It Ls sometimes white, sometimes red- 
dish-coloured, large iu tbe grain, and weakly coherent ; and a depth 
of 100 feet or more is occasionally visible without any iiilermixturo 
nf shale- Its general position is nearly horizontal, but it is some- 
times considerably inclined. 1 have traced it from Carlops down 
Iu Pennicuick, a distance of six miles by the river. The evidence 
wliicb I tliought I had found at some places of its rusting on the 
ends of I^e older sandstone, was rendered doubtful by its appear- 
ance at otiiers ; and though aalidfled that it is newer than tlie edge 
strata seen at Nine Mile Bum, I have not been able to ascertain 
jirecisely the niode in whioli it is connected with them. Some 
spiioimeiis of it which I examint'd in the parks of Newnall, con- 
sisted of Toundrd grains of quartz, united by cluy or felspar, which 
weathers out, and renders tho exterior parts cellular. Tlie next 
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^^^^H^ A portion of the greywacke slate, wliicli had been traced fpTa 
^^^^K nearly a mile along the stream. It is of the usual appear- F 
^^^^M ance in laminEe, one or two inches thick, and perfectly ver-^ 

^^^V , J 

^^^H|f^ BrowDieh-nhito Gandstone, in horizontal beds from two to three m 
^^^^L feet thick. In its texture it presents scarcely any Ihiog 
to distingubh it from many of the common sandstonea of the 
coal meas ores. Tho surfuco exposed h about GIty feet in 
length, and thirty in height. It lies in contact with the 
vertical slate, as closely as well-Joined maionry, without 
the slightest appearance of disturbance. 
On first seeing this, I concluded that I had found what I was in 
search of, the junction of the sandstone seen in Cairn Hills, witli 
the vertical slate. This proved a mistake. For a hundred feet 
northwurd, the surface c, is covered with herbage. Beyond this 
is a deep and narrow ravine, in which the vertical slate reap' 
pears. Was this then a detached portion, a vein of sandstone ? A 
more careful examination of the rocks here, and at other parts of the 
hills, afforded what seemed to be a satisfactory explanation. It is 
doubtless familiar to experienced geologists ; but as the present 
Sketch is intended for beginners, who may bo puzzled with facts 
like this for which the cnnimon Manuals and Systems have not pre- 
pared them, a short explanation may be forgiven. 

In examining the greywacke farther up this bnrn, on Gutterford 
Burn, in the burn on the north side of Deerhope Rig, and in the up- 
per branches of Lyne Water, I fou nd that it assumed a great variety 
of appearances. It is sometimeE a blue or green fissile substance, 
very similar to primary tiajslate ; somelinios a bluish or greenish- 
grey non-fissilo rock, hard and heavy, and externally like a grceii> 1 
■tone. Sometimes it has a brown «r yellowish- while mtltnit , -a. iwy.v | 
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eotdal fracture, considerable huTdness, and somewhat resembles a 
compact felspar. Somelimca tills hrnnn -coloured rock is softer, and 
looks as if composed of powder of fclspnr. Sometimes it is coarser 
in tha grain, and becomes a common brown or yellow sandstone. 
witli or without mica. Finally, Sometimes it is a soft deep red- 
coloured micaceous sandstone, noways distinguishable from the 
red sandstone lying under the coal measures. Indeed, the rock 
host entitled to the name of *' Red Sandstone" in Pentluud Hills, is 
lo be found in the vertical slate, and not in the overlying strata. 

All these varieties may occaaionatly be found within a small space. 
In the Pentland Hills the blue coloured is the most common ; but 
the brown, yellow, and red sandstone varieties abound towards the 
uorth side of the hills. They are largely exposed in the main or 
eastern branch of Lyne Wuter, (5 in the map,) and its tributary 
riTulets, towards Dcerliopo Rig. Now, there is a remarkable diver- 
sity in the structure of these rocks. The clayslale is in lamins 
from a quarter of an inch thick to three or four inches, which are 
indefinitely subdivisible. In the other varieties, especially the 
coarse .grained, the laminEe are much thicker, reaching sometimm 
to several feet. These thicker vertical laminie are rarely subdi- 
visible ; but, on the other haud, they have generally numerous 
transverse joints, which separate them into prisms or tables, lying 
across the lamina, like the columns in trap veins. The coarser the 
erain, and the less coherent the substance of the rock, the longer, 
broader, and more conspicuous these transverse divisions become, 
tin in some the vertical divisions disappear, and the rock exhibits 
the perfect structure of sandstone. I consider the rock B, in tha 
preceding diagram, to bo of this description. On examination, it 
proves to be extremely similar in substance to the vertical slate, a, 
in contact with it. The horizontal beds are lighter in the colour, 
coarser in the grain, acid less coherent. They are the extreme 
term of the series, every intermediate member of which may be seen 
in some of the localities mentioned, and by which the finely laini- 
nated vBrtical clayslate passes into a gritty horizontal sandstone of 
little coherence. Other specimens, quite as coarse, or coarser in 
the grain, may be seen near Decrhopefoot, in the vertical posilion, 
but they seemed lo me to be harder and firmer. The solution of the 
problem, then, I conceive to be this, that the vertical portions had 
consolidated and parted into lamina 6efiire they were subverted and 
»cl on edge, while the horizontal portions had not undergone aaimilar 
change till after the series was tilted. That some of these rocks 
were still soft when they were thrown into the vertical position, 
seems proved by the sliurji angular contortions the slates often ci- 
■libit. 

In a small burn close lo the horizontal beds I have been describ- 
ing, (at 9 in the niapO 1 found tvro fossil specimens, the only ones, 
CO far as I know, whzcli have been discovered in the oldest rock of 
the FciicJand Hills. I have no doubt that a diligent search in the 



Section, No. X. 

This section extends in a N.W. direction from Ihe ncighbou 
hood of Carlops, Ihrougrli Mount Maw, to tlie northern declivitj at J 
West Cairn Hill. Its length is about fice miles. The greatest f 
«leTation of Mount Maw, according- to Knox's map, is 1701 foett 
andofWest Cairn Hill, 1764. J 

Near Carlops we liave the best opportunity of tracing the rela- 1 
tions of the coalmeuaures, and inferior sedimentary strata, with th« t 
old red sandstone of the hills. At the bridge in Carlops vil- 
lage, and upon the new road eastward of it, the conglomerate or 
old red sandiitone is well displayed. In the course of the Esk, for | 
three furlongs below Carlops, we have a series of newer strata, ti 
minating with the coral limestone at an old bridge. 

The following ia a section. 
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e. The conglomerato of tlie hills at Carlops village. 

r. Gravel and soil. 

7*, A. bed of trap. 

L, The coral limestone, forty feet thick. 

I, I, I, I, Smuller beds of limestone, interspersed amidst the sand- 
stone and shale. 

For Sdy yards below Carlops, nothing but clay and gravel is to 
he seen in the bed of the river. We have then a series of sand- 
stone strata intermiied with a little shale for 300 junU, but the 
river strilies them at an oblique angle, and their iIiicIkws* V^ 



It exceed 150 yarda. TowaTds the lillage, near r, ig one conspi- 
10U3 bed, soft, yellotr- coloured, about eight feet thick, and contaiu- 
ing pebbles of felspar, clayslste, old red sandstone, flinty slato, 
auartz, and limeatune, of various sizes up to a breadth of two inches. 
Et dips S.S.E., at 30°. Tlia other sandstoDes of thbbection, se far 
Bos I examined them, arc yellow, fine-grained, and rallier soO, and 
eenied to be conpnsed almost entirely of minute grains of folspar. 
ioiaa of them dip at 60° to S.S.E., and others are vertical. Be- 
^nd these ne come to a bed of trap, dipping 8.E., at a high angle, 
jod apparently twenty feet thick. It is rendered conspicuona by a 
Bawellin tbcsurfacoof the ground above, (see tfa e diagram,) arisliigno 
loubt from the greater rcsistaQco its firm texture offered to the de- 
~ 'ag ageuts. It is of an earthy aspect, and is rendered amygda- 
d by cavities filled with calcareous spar, and isj very probably, 
aljnutttion of a bed seen in a small ridge about two furlongs 
^ "West of Carlops village) through which the road is cut. Proceed- 
ing down the burn, we have beyond thotrnp, for 31H) yards, a series 
of beds nearly vortical. A very large proportion uf these conEiats 
of a glossy black bituminous stale, much contorted, and intermixed 
with some thin seams of coal. There are also some blue shale, 
and beds of the yellow fine-graiaed sandstone ; but the latter is in 
mucb smaller proportion than in the space between Carlops and 
the trap. The beds of shale are sometimes forty or fifty feet thick, 
■nd impressions of plants abound both in these and the sandstoDBS. 
VSeyond all these, at an old bridge, we have the great coral lime- 
^^""ii standing on edge like the others, and forty or fifty ieet in 
ith. 

IB true thickness of the strata now described, from the encrinal 
jnestoue to the beds seen lifly yards from Carlops, is probably 
dioat 1200 feet. In this space there are at least four beds of lime- 
'tonei the places of which will be seen in the diagram. They are 
tej-coloured, hard, and bave a splintery fracture. No large sliella 
re visible in them, but I found a few of the microscopic kind be- 
IDging to the entomostraca. There are also some specks pf py. 
'' 3, and in one or two specimens 1 saw many minute portions of 
Lt seemed carbonaceous matter, and which I took to be Crag- 
its of vegetables. The thickness of these limestones cannot be 
exactly ascertained, but it seemed to range from two feet to eight 
or ten. I consider these as the equivalents of the BurdiehoUse 
limestone. 

The black shale is also to be seen in a rivulet which crosses the 
road about half a mile east of Carlops. 

I (raced the rocks along the course of the stream from Carlops 
down to the junction of Nine Mile Burn, a distance of a mile 
and a half. The following is a section extending as far as IVe^- 
Jtali, abont three-fourths of the distance. ''^^ 



C| Carlops vUlago. 
T, Tlie trap bed already described. 

JL, Tbc coral limestone vbere first teen, at the old bridgo. 
M, Tlie saiDs limestone dipping S.W. at •ilf, UL-cumpaiiled with 
' aandetime and shale. 
.-M, Xbe same limestone dipping S.E. at iiO". 
yards on the edges of its strata ; and i 
and (hella are well eipuied.* 
o, A bed uf blue slate clay &Sty feet deep 
where It is moist, it is plastic, and soil i 
this the same bed willi 6 in the diagrai 
Nine Mile Burn. 
p, Tbe rougli sol^ tliick' bedded sandstone, 
sbale, dipping like it S.£. at; 2ii' ; but < 
ilia water, abmit 101) feot distant, it as 
horizontal position, and forms an escarpment of forty feet, at: 
the bottom of which is an artilicia! cave. It 1* seen every 
where to the eastward as we dcicend Che stream. 
From n to o, is about I jO yardsalong the river. Tlio beds con- 
sist of various saadslODC?, compacter and in thiuner strata tban p, 
intermUed with black and grey shales, and dipping S.£. at 3^°, 
Their aggivgatc tliickness may ba Jtbout 200 feet. 

I have gone into these rather tedious details wjtli tbe view of ex- 
plaining tlia general concluiiona I have formed as to the relations, 
of the upper and lower sandstones, and whicli will be underElood 
from the following imaginary section from Carlops eastward to 
Pennicuick. 
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K, S, T, The Yortiaal slate of the hills, which, to avoid embar- 
rassment by introducing too many objects, I have here sup- 
posed to lie under the coal meaeuree, without intervening' 
beds of trap or conglomerate. 

a, b, c, d, e. The coal measures, including tlic ealeiferous saud- 



B Bometimea found 

on edge, Bometimea Jiorizontal, sometimes in intermediate posi- 
tions, and dipping to various points,* I take for granted that 
they have been bent and contorted in this manner by irregular 
morementa from below in the older vertical rocks, R, S, X, or 
by masses of trap ejected through these. Independently of the 
protrusion of the mass of the Fentlands, which would tilt the strata 
at their sides, the innumerable faults in the coal-field, which r^se or 
depress portions of the beds many hundred feet, show that the dis- 
turbing agency has not been confined to the hills. For the sake of 
simplicity, I have not introduced any faults, though some of (he 
contortions observed are undoubtedly due to them. 

Now, afler (he strata were thus bent and dislocated, let us suppose 
a denuding current to sweep away the higher and more exposed 
part) of the Coal Measures. The strata would thin olf, and dis- 
appear at the upper end of the basin. This they actually do at 
Carlopa, where the coral limestone comes to the surface, proceeding 
round by Magbiehill to the Sduth, and cutting off the woi^able 
coal entirely. Upon the new upper surface, a, b, c, d, e, thus 
formed by denudation, let us suppose the Roslyn or thick-bedded 
sandstone, r^ g, to he deposited. It is evident that at a and c, we 
would find the upper sandstone resting conformably on the coal 
strata, while at o and rf, we would find it covering their edges. 
From R to a, we would have a coal-field of vast depth, as at 
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Gilmerton ; and at T «, a limited and shallow one as at Carlops- 
The upper portion of this newer sandstone, again, may contain beds 
of coal as at Edmonstone, and part of it may in its turn have been 
swept away by denuding currents. This hypothesis is proposed to 
explain the discordant relations of the upper and lower rocks, which 
are sometimes conformably placed, sometimes unconformably. lam 
not 80 confident as to say, however, that it will prove a key to every 
anomaly which the enquirer may meet with.* 

It is not assumed that the disturbing action ceased at an epoch 
anterior to the depositation of the upper sandstone. On the con- 
trary, there is no doubt that it continued long afterwards, and that 
these beds have undergone fractures and dislocations like the older 
strata, though to a smaller extent. The upper beds are repre- 
sented as level in the diagram for the sake of simplicity. 

Dr Hibbert thinks that this Roslyn sandstone has been thrown 
up from below by a shift or dislocation of the strata, f He rests 
this idea chiefly on the fact, that, when found in contact with the 
other strata, it is never seen covering them, but always placed side 
by side with them. Much as I respect his authority, I dissent from 
his view of the subject, but admit that my conclusion is open to 
doubt. 

The Kaim Vallet. 

. 4 

A valley of a singular kind begins at the village of Carlops, and 
extends westward edong the foot of Mount Maw. It is a trough, 
nearly straight, about two miles long ; its breadth probably aver- 
ages one hundred and fifty yards ; and its depth varies from thirty 
yards to one hundred and thirty. Its direction is N.E. and S.W., 
and its bottom forms every where a marsh or wet meadow. A 
sharp ridge or " Kaim" about sixty feet high, extends for half a 
mile along the middle of this valley at its east end ; it is broken 

* Mr Murcheson has fuand a *' oewer coal" at Shrewsbury, lying above the older 
coal or ooal measures, and passing upwards into the new red sandstone. For the 
lower beds of this new red sandstone, he has proposed the name of the " Roslyn 
Sandstone," and I have adopted it on h/s authotity. The sandstone is sometimes con- 
formable in position with the coal measures, sometimes discordant.— Bee Philosoph. 
Mag. April 1835. May 1835, and Deo. 1836. Bee also Mr Bedgwick's paper on the *' Ge- 
neral Structure of the Cumbrian Mountains,** Geol. Trans. Beooud Beries, Vol. lY., p. 
5B. He makes the same remark, that the position of the newer sandstone is sometimes 
conformable to the ooal measures, sometimes discordant, 

t Dr Hibbert informed me, that horizontal beds of sandstone are seen in juxtaposi- 
tion with highly inclined beds on Bflston Bum, and upon the appearance of these I 
believe his opinion chiefly rests. I visited Bilston Bum in consequence of this infor- 
mation; but not going armed with passes from Sir F. W. Dmmmond and Mr Mercer, 
I could not get admission to the enclosed grounds. I examined, however, about two- 
thirds of the course of the stream from the Pennicuick road, where the rocks first be- 
come visible, to itcl^Junotion with the Esk. I did not see the middle portion, where the 
horizontal beds probably occur; but I saw the two extremities* and firom these I an 
rather disposed to draw ah Inference ih faroor of my own opidSon. 
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', The conetoinerate at the foot of the soathern dediTitf of 
Moust Maw. 

P P, A reddish felspar porphyry. Al i it is an amygdaloid, 
containing calcareous spar id its ca cities. At the staaU cross 
ravine r, it is about three hundred feet broad.' 

tJ K, The eastern portion «f the trough-shapod vallej, with 
the kaim, or sharp ridg'e d, e, f, g, in the middle of it. 

a, b, c, PorUona of a large-graJned reddi&h sandstone, adhering 
to the porphyry. They dip at a high angle to the N. or 
N.W., not away from, bnt in toirards, the hill. 
■ «/, f. Sharp ridges of dark porphyritic greenstone, containing 
grains of olivine, and blacL crystals of angile. It is bciaati- 
folly veined with quartz and other siliceons minerals at some 
places. It is translucent at the edges ; d is ftilly one ban- 
dred feet high ; g b about siitr. 

* e, g, Portions of the same ridge, composed of conglomerate and 
f candstone ; g is about one hundred fi'et high. 

Tbera is another part of this ridge east of the brook. A, m. It 
a pyramid of greenstone sixty feel high. 

* h, A, The southern boundary of the trongh, consisting of a 

greenstone similar to d, f. It is not quite so straight at 
here represented, and very little of it is seen. 
[!, Beds of conglomerate passing into a pebbly sandstone, rest- 
ing Bpon the greenstone A, h. 

*~ il, m, A rivulet. It mark^ the portion of the waterfall, vhieli 

' has cut its way back to the porphyry. 

[ Atthc waterfull k, we And the porphyry iu contact with tfaeal 
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£tone ; and tlie passage cut hy tlie stream here, enlubiti som* 1 
very interesting phenomena. Tbe following is a section S.B> I 




is terminat- 
ed by a plane z, nearly 
vertical, indicating 
fault, 
n, 0, 'Beds of aaud. 
iiie curiouslycontorted. 
;om n to o_niay be sixty 
' aeTentj feel. Tho 
sandstone is varioui i 
irgrey, or white, ano 
angular frag, 
of eonaiderawa ( 
Tt 19 very hard, and consists chiefly of quartz, or of i 




The compartments 1, 
3, represent the sandstone 
iu tile suceeasive positions 
Isupposeittohaveassumed, 
in conseijuence of being 
disturbed by the parphyiyj ( 
m, m, and the greenBtonai j 
and afterwards aHected bjr 

Fig. 1. Let us suppose 
tlie porphyry m to hav8 
risen peqiendictilarly up- 
wards, fracturing the sand- 
stone n », and turning np 
some yards of the part at n 



Fig. 2. After this the greenstone r (which probably forms one 
great bed) asoended, pushing up the sandstone o, which is fractured, 
and bent o»er it. The portion betwixt r and n, raised to bi^«.\>'^>; 'i''. 
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40° or SO", rdsis, ax ti were, on its ends ogdnst m ; a.nd the origi- 
□al inflection of tho beds at 7, which was perhaps small, might thus 
come to be coosidembl; increased, and aa opposite isfleclion ii 
generated in the parts farther bacli from tho fissure. 

Fig, 3. These changes took place under water ; and strong cur- 
rents afterwards from the west, sweeping along the foot of the hill, 
tore off and dispersed the shattered strata n o, till the surface was 
woni down, as shown in the figure, where » o is the remnant of 
the sandstone, and r of the trap. The latter now appears porteil 
into two beds, because the portion which connects tliem is con- 
cealed. The various rocks would then assume the nppearaaH 
which the; now eitiibit, and which is shown in the following m 
•» the valley ;— 




m. The porphyry at the waterfall. 

», The portion of bent sandstone adhering to it. 

r. The " Kaim" or sharp ridge of trap, with a marsh on f 

(, The second trap, probahl; united under the surface with the 

first. 
U Conglomerates and sandstones behind the trap, dipping S.E, 

at 40° to 60°. 
The beds nearest the trap consist of conglomerates of Mount 
Maw, as may be seen about half a mile west of the rivulet, k, m. 
They are succeeded by pebbly sandstones, and thcsr- by grey 
and yellow sandstones, passing into slate claj. The lower beds 
adhering to the bill, are also conglomerate, while the upper 
are gandstone. It must be kept in mind that the beds have an 
eastern inclination, so that the lower ones are only seen lo the 
westward, about i on the one side, and a A on tlie Other, while tlie 
newer ones are seen at ia and k, (Fig. 64.) 

u, A bed of amygdaloidal earthy greenstone wiih nodules of 
calcareous spar, agreeing in position, and I think charaotor. 
with the bed noticed tn diagrams 61 and 62. 
V, The yellow flne-grainsd sandstones can be traced at some feir 
localities southward from t. The tender black shales found 
along with them in the water course, east of the trup, are, as 
might be expected, not visible. 
\ w, At three furlongs south from Carlops, we come to the coral 
litaeitOQe, in a quarry where it is now worked, Alxml 



f twenty-five feet of depth is visible, the upper porti 
the lower blue or grey, and abounding 
dips S. about 25°. In an old quarry, 100 yards eoil from 
this, it is seen again, dipping S.W. at 40°. Tliese quarries 
are fuUy half a mile S.W. from the old bridge, (see p. 157,) 
where this limestone was found in a vertical position, 
worked again at a rivulet about half a mile Eouth^ 
again, about one mile farther south ; and, again, 
Magbiehill, which is three miles S.S.E. from Carlops 
the latter it is nearly level. These are the weslem outcrop 
and extreme limits of this rock, I believe, on the soatb sidi 
of Pentland Hills. 
Coal is or was worked about three quarters of a mile east from 
Carlops, and I was told by some of tile lahourerB at the lime quarry, 
that coal is also found below the limestone ; but as usual it is not in 
such quantity as to repay the cost of extracting. There is a bed of 
fine white sandstone above the limestone, about one mile south from 
Carlops. It is extensively quarried. And at WhiteReld, a little 
farther west, beyond the outcrop of the limestone, there is a bed of 
greenstone. 

A thick bedof greenstone, having^ much tlie aspect of a clinkstone^ 
it quarried in Carlops villaga ; it oshibita some appearance of being 
in beds dipping S.E. There is a knoll, covered with grast, almost 
ID contact with it on the south, which consists of the same species of 
rook. I consider these as the continuation of the traps found in 
the middle and at the south side of the trough-shaped valley, and 
reprelented in diagrams 64, 66, 67. 

Xbunl Mam and Deerhoperig A section from Carlops, in a 

north-west direction to East Cairn Tlill. affords a good idea of the 
geological structure of this part of the Fentlanda. 
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j:, Carlops village. 

M, Mount Maw. 

D, Deerhoperig. 

C, East Cairn Hill, 

Beginning at Carlops, we have tlie rocks in the following order :. j 

1. A thick bed of granular conglomarate, of a groenlsh-grey. 

colour, a. It is in strata, and dips E.S.E. at 40', , 

2. A beil of rolled conglomerate fr, of which Iwo-tiiirds consist oi'\ 
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flattened globe3y and one-tbird of paste. It extends along 
Fairliehope Burn ; dips E.S.E. at 20^ or 25<', and, judging 
from its superficial extent, may be about sixty yards in 
thickness. It envelopes (as often happens) small beds of 
the granular base, from an inch to three or four feet thick, 
which, in extending laterally, thin off and disappear. 

3. To this succeed (in Fairliehope Burn) various alternations of 

the rolled and granular conglomerate c, in vrhich the transi- 
tion from the one to the other may be seen in all its stages. 
Here we have the compact greenish-grey base ; there it 
becomes a coarse slate, in laminae a quarter or half an inch 
thick : here we see a few embedded pebbles like beans ; 
there the nodules multiply and increase in size, till it passes 
into a conglomerate of large rounded bowls. 

4. About a furlong above the fork, clayslate, d, appears at tlM 

surface, both in the rivulet and on the rocky scarp to the 
eastward. It is reddish-coloured, soft, sectile, and nearly 
vertical ; direction N.N.E. ; and it contains beds of grey-- 
wacke. These are seen in the burn for thirty or forty 
yards, and are succeeded by, 

6. Rolled conglomerate, e, in beds dipping E.S.E. at a low 
angle, which continue to the summit of the hill. It is 
worthy of notice, that the embedded masses increase in size 
as we ascend, and some may be seen of two feet diameter. 
The summit is covered with turf ; but every loose stone met 
with is a rounded nodule, and sufficiently indicates the ex- 
istence of the conglomerate below. This rock is found h&re 
about 700 or 800 feet above Carlops, and nearly 1700 feet 
above the sea. 

6. About 150 feet under the summit on the north side, we find the 
vertical slate again at/, in a small rivulet, showing that it 
extends under the conglomerate, and constitutes the base 
of the hill. It may be traced down to Lyne Water, but some- 
times interrupted by soil. 

D, Deerhope Rig, fully one mile north of Mount Maw. The 
coarse brown or yellow greywacke is seen in vertical strata 
at its south foot, g, and it is found again in the burn at h, 
on its north side, where it presents itself as a red sandstone* 
also in vertical strata, direction N.N.E. 

C, East Cairn Hill, the southern portion of which has th^name 
of Harper's Rig. A little above e, the reddish sandstone 
of Harper's Rig is seen protruding through the heather at 
some places, dipping at a low angle to the N. or N.W. 

Deerhope Rig is coated with turf on the top ; but the number 
of loose globular masses seen at h, leave no doubt that it is covered 
by conglomerate. The existence of conglomerate under the sand- 
stone of East Cairn Hill, is merely inferred from analogy. 

I DOW return to the General Section, No. X. Its southern ter- 
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in'mation is at Curlops village ; it skirts Turnip Hill, crosses thi 
braoeh of Ljne Water, about aniilo and a half north of CaJrnMulr, J 
aad proceeds ontrord to West Cairs Hill. 

1 . Turnip Hill and Klouot Maw consist of beds of granular and I 
rolled oongloraerate, as alreailj dofcribed. I traced them in the 1 
burn on the west side of Turuip Hill, as. well aa in FtdrlM- \ 
hope Burn, which is on its east side, and I found tho coa- | 
glomerate in a quarry near the point whore the ono lull joins tl] 
other. TiiB vertical slate probably esists at no great depth beloi 
but it does not seem to reach the surface here. It joius the cm- j 

Slomerata in a. buru wliicU Anws down to Lyne Water from Moujit | 
[aw, about a mile north of Cairn Muir, and hiUf a mite eoulh ofj 
the line of section. Two burns fall in at Oils place, and the o: 
which I allude, the northern, flows on the lino of junction. J 
southorn we And tlie conglomerate, and near its mouth &bi 
greoustoue, c. The verticiilsJate in laminai, from half an inch to^ 
two feet in thickness, continues for a, inile in Lyno Water beyond ike- i 
junction of thoss burns, as already noticed. lis direction U I 
N.N.E., and so constant, that a traveUer might steer his course \jf 
it. Fortions of a coarse pebbly sandstone may ho soen near tq»,J 
junction uf the two burns, which aj'o probably fragments of a d«> | 
posit belonging to the sandstone of the Cairn Hills. The Tertkil J 
slate may be traced a. little farther in a brauch burnt !fi, in the m&i^} | 
which flows from Caldatanc Slap, (kfter wliicb we find beds of neB> 
glomerate, f, for the space of a furlong ; the dip is not distinctly 
seen, but probably corresponds with that of Cairn Hill sandstone. 
In a minute rivulet flowing from the west into the burn marked 6, 
the junction between the conglomerate and the sandstone takes 
place. The precise spot is covered with gravel, but the rocks 
may be traced to within a quarter of a mile of each other. The 
sandstone at the end of a southern projection of West Cairn Hill, 
dips N.W. at 20°. Other beds to the northward dip at 20 or 23', 
in the same direction, and very distinct. They aro in large tables 
from two to six feet thick, but on weathering an interior struclnre 
is developed, cousisting of lamina; two or three inches thick, often 
arranged diagonally. Some of tKe sandstone is yellow ; but the 
more commoii colour ia a light r^d, and it is generally soil. In 
specimens which I have examined, there seemed to be one part of 
felspar or clay to three or four of quartz. In the external ports the 
soflcr grains weather out, leaving the quartz, and giving it a cel- 
lular teslnrc. The north front of both Cairn Hills is very sleep, 
descending prob.tbly eight hundred or nine hundred feet by & single 
unbroken declivity ; and 1 have no doubt that some of Uio strata 
present their truncated edges, ^ on tliis side as well as iho other. 
Assuming that the strata hnve a N.W. dip thruiighout of 20°, the 
absolute thickness of the sandstone must be nearly three thousand 
fbet, for it extends over a horizontal space of 1^ mile. I have not 
seen the smallest portion of shale in it ; if therebe any, it is tcMW^^ 
'n qnantity. It wema eqiially derthnte at TO^TOtA'att* <A -^vs* 




Sectioh, No. XI. 

This section extends from Linton north-westward, througli West 
I Cairn Hill, Ackiiioon, and Coraton Hills, to the neiglibonr- 
I'lMod of Mid-Calder. 1(9 length is about eight miles. The height 
I'i* too great in proportion. 
■• Beginning at tlie south end, we find at Linton a series of beds 
■.■Whiuh lose themselves a little below the Tillage under the large 
a of gravel aboundinginthe vicinity. These beds consist of a 
rieommon sandstone, which becomes yellow coloured and flne-grained, 
K'and passes into a calcareous clayatone. It seems to consist oF 
1 day or felspar powder, combined with lime. Far 200 yard? above the 

■ Abridge it is in horizontal strata, seldom exceeding two feet In thick- 

teea. Here it changes suddenly, dips to the 8.S.W. at angles 

rarying from 20' to 30°, and maintains this dip for fully a quarter 

rf a mile. The rock is beautifully displayed in the ravine at 

l^yndale, which is ISO or 200 feet deep. There are two gorges in 

■ "It where it is contracted to a very narrow space ; nt the upper 
I fforge the claystone assumes a coarser texture, and a brownish 
I '£eht-grey colour, passing gradually into granular conglomerate. 
y.^Ao latter appears in rolled masses at the dam-head o. Uttle above 
tXiyndale bridge. The foUowiug is a section along the coura 



a. The horizontal yellow calcareous rock, 

b. The inclined strata, chiefly of calcareous claystone. Soma 

consist of claystonu tuff. 
Ci The lower gorge— the same rocks, exhibiting contorted strata. 
d, The upper gorge, where granular conglomerate begins to ap- 

Eear, intermixed with tlio claystone. 
e conglomerate here includes a few large nodules. 
/j The first bed of rolled conglomerate, containing rounddd 

masses six or eight inches in diameter. 
Tlie inclined bods from 6 to/extend over a space of fifteen hun- 
dred feet; the dip is S.S.W., or nearly S., and about 25°; the 
Ihiekncsi will be from eight hundred to one thousand feet. 
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The beds from a to d have exactly the texturo of the clajstoii 
fauuil ia Logan House valley, and ought to be Igneous rooks, 
am strongly inclined, however, to consider them sedimentary, pro- 
bably altered by heat, for the following reasons; — 

1. They arc throughont regularly Etratitied, and this stratificti- 
tiiin is gomelimes accompanied with a change of colour, a re^ 
stratum following a. grey one, showing that the divisions are no 
concretionary. 

2. They seem to graduate into undoubted sandstones bothabov 
and he low. 

3. They contain interet ratified beds of compact limestone, front 
one to two feet thicli. 

4. They contain also interstratifled bedsof claystone tuff, of afine 
grain, the sedimentary origin of wliicli cannot be doubted. 

5. Beds of undoubted sandstone of the same yellow colm:r,andv( _ 
fine-grained, es tend eastward from this deposit to Carlops, andprO' , 
cisely in the line of their prolongation. To mo it seems probable, I 
on these grounds, that they consist of the detritus of claystonra 
and felspars united by lime, of wliich they contain a large pro- I 
portion, and that they aro analogous to the fine tuffs interstratified ] 
with them. Brongniart is, disposed to assign a sedimentary origiff I 
to the claystoues generally — {Clacsification des Roches, p. 113.) I 

From b to f there are eight or ten beds of limestone, from four j 
inches to two or three feet in thickness. Some of them are of k' 
brownish-white colonr, with a splintery fracture, and very hard [ 
some of the more usual grey colour; some reddish-brown ; tha I 
thinner beds, from the upper gorge to the dam-head, have the np- ' 
pearanee of strings of lenticular masses, like those of clay ironstone . 
To the lime in these beds must be added that existing in tlie clay- 
stone and the yellow calcareous rock, and even in the huse of 
the conglomerate /, parts of which effervesce with acids. Thia 
series of rocks, in short, is characterised by the abundant presence 
of lime, and it contains lead glance. Tlie black shale and coal 
constituting tha upper portion of tlie group, is not visible here, 
owing to the covering of gravel, which commences at Linton village 
and extends southward ; but it is seen in the burn at Carlops, 
as described in last section. 

Some of the yellow beds are similar to those seen below 
the black shale at Carlops, and a few of them agree also with 
the latter in not effervescing with acids. The pebbly beds, from 
the upper gorge to the dam-head on the other hand, correspond 
sufficiently with those exposed on the south side of tlie trough) _ 
valley, described page 158, In the two together, we have tlM'l 
series from the coral limestone to tlie conglomerate or old red si ' ~ 
stone completed. 

Grains of copper pyrites occur in the yellow sandstone at Lyifit i 
dole. Lead glance is found also in strings, or crystals ; and t(f 
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■uch an extent, that it was formerly worked, about half a, mils 
eastward, near the old road. A little silver was comhined with it. 

From Lyndale, along the bum, following the east branch by Cairo 
Muir to the point 6 in the m»p, where the vertical aUle first ap- 
pears, we have four large beds of rolled conglomerate, divided by as 
many of the granular base. The direct distance exceeds two miles ; 
but measured right across the strata, it will be about eight 
thousand feet. The dtp varies much, being occasionally S.E., 
S.W„ and to all intermediate points ; it probably averages lOo or 
VJfl i and llie true aggregate thickness of the beds may be about 
one thousand two hundred feet, of which the rolled conglomerate 
perhaps constitutes oue-fourtb, and the granular rock three'foiirtht. 
The first rolled bed is at Lyndale dam-head; the second at 
Stoneypath ; the third at Gaira Muir ; and the fourth at the point 
where the vertical slate appears. A deposit of rolled conglomerate 
oflen contains tabular massca of the granular kind within it, 
from a foot thick to three yards, but, for the ttakc of convenience, 
it is still considered as one bed. On the other hand, a deposit of 
the granular kind in described as one bed, though small layers of 
foIImI pebbles muy appear in it here and there. The rolled eon- 
glome rates are precisely similar to the bed at Habbie'a How. Tha 
masses are of all sizes up to eighteen inches iu diameter ; Ihey «re 
generally well rounded and smootlied ; of a flattened spheroidal 
rather than a globular shape ; and, in nine cases out of ten, repo- 
sing on their sides ; nineteen-twentietha of the whole are of the same 
substance with the paste or base j but a few travelled fragments of 
felspar, quartz, porphyry, and even syenite, may be seen among 
tbem. The rolled pieces compose generally three-fourths of tiie 
moss, the portion of finer matter mixed with them, beiug merely 
sufficient to serve as a cement. The granular beds arc sometimes 
is strata two, three, or more feet thick. ; sometimes they are slaty, 
and perfectly similar in appearance and composition to the coarser 
vertical beds, or greywacke, oo the edges of which they rest. I 
found one bed of greenstone stfc Lyne water, near Stoneypath, but 
of small size. It is not marked in the map. 

The line of the General Seclion, however, differs from that jnst 
described. It passes along the west branch of Ljno water, wliieh 
I shall call Badingill Bum. The dip here is very regularly to 
8.S.W., about 15" or 20°, so tliat the burn cuts the beds obliquely, 
and sometimes runs on their edges. About a mile from the fork 
«f the two streams, near a hut erected for the use of the men who 
quarry Mr Ferricr's limestone, wo find a soft, red, striped sand- 
atone in beds, dipping N.W. at 35°. (c in the section.) Probably 
a hundred yards of turf and gravel intervene between this and the 
nearest visible part of the conglomerate. The sandstone has been 

Siirried, and ita position is quite distinct. About half a mile to 
• northward, at a prqjecEin^ ridge of West Cairn Uill, largn 
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thick beds of tlis sandstone stand through tho heather, nith tha 
same dip. In a small rivulet (at 3 in the map of the hills) whloh 
fluns into the Badingill Burn from the south-west, 1 found beds of 
a kind intermediate between the granular conglomerate and an 
ordinary sandstone, and with them two beds of blue compact lime- 
stone, about eighteen inches thick, and in ehihII angular ciincretioni. 
About two furloTigs farther south, I found a bed of the conglome- 
rate, with an apparent dip to N.N.'W. On the east side of Badin- 
gill Burn, about a quarter of a mile from the Eandslone, limestone 
is quarried by Mr Terrier, the proprietor. It is a bed about (iv» 
or six feet thick, hard, reddish-coloured, with a splintery fracture. 
It closely resembles the limestone found nt Bevelaw, and in the 
bum above Uabbie's How. The bed resta on a grey sandstone 
faintly striped with red, and dips N.W. at 3U'. It is at the iiortli 
side of the liil! called Mickle Knock, which consists of conglomerate. , 

From these facts, and from the position of the conglomerate in 
Caldslane Slap Burn, formerly described, I infer — 1, that the ooiw 
glomerate assumes a north-west dip at the north eide of Mickle 
Kntfck, and bends under the sandstone of Cairn Hill, as shown la. 
the large section ; S, I think it probable, that the oonglomerale St 
its junction with the sandstone, is either interstratiGed with it, as iit< 
the burn above Uabbie's How, or passes into it by a gradual traQ.- 
sitian as at Lyndale ; 3, I assume the existence of the vertical 
slate under it here, as marked in the section, because I find the slate 
exposed within three quarters of a mile to the eastward. 

In West Water, which runs parallul to Lyne Burn and Ba*- 
ingill Burn, about a mile and a half westward, we find altematiiii; 
beds of granular and rolled couglonierate till we reacii a point 
about two miles beyond North Slipperfleld, where saudstone occurs j 
but the junction of the two roeks in not visible. 

At the north foot of West Cairn Hill, iti the bum whicii flow» 
down to Harper's Ferry, wa find various strata of sandstonii, with 
some shale, and a little limestone, in beds dipping S.£. at 25°. 
The sandstone contains imjiressions of plants. A furlong west <X 
the Inn at Oanseyend, a bed of coal three feet thick crops out wEtf^. 
a dip to the south, which dip continues to the Water of Leith. Ir- 
Colzium grounds the rook was bured some years ago to tbtt 
depth of forty fathoms, and several seams of coal found, but too 
thin for profitable working. The dip is very irregular, owing tojl'i 
whin dyke which crosseslhe burn near Colzium House.' , 

About a mile and a half from the foot of West Cairn Hill, a. bod' 

of trap occurs at Aehinoon (See the General Section.) A vorj* 

little beyond this, wo fittd, in a quarry at the road-side, a greelti 
e oi a very singular kind, the upper surface of which dips 
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at Ifl'.t (It i»marked/in tlieso 

• Piirthe^fHrtilnnili 

t TlirBrock<.<r«iit»llie 
of eUjPiliils. froDitbaBtu 



n.) No sandstone is seen hertl^l 



but it is faoud about half a mQe exstiraTd, dipping S.E. at a low 
angle, with QUDierous carbonaceous impressiaos of plants. At 
Corston Farm, g, about one mile Dortb of Achinoon Hill, a bed of 
trap, probably 100 feet thick, crops oat irith an apparent dip to 
south. I need not repeat here, that the dip of a bod of trap 
in general merelj marks the inclination of the beds of the sedi- 
mentary racks amongst which it lies. At Bed Craig, about 
another mile farther north, there is a large sandstone quarry, in 
which the beds dip S.S.W. at 20°. It seems to be covered by trap 
a little to the southward, but I only saw the superjacent rock from a 
distance. From these facts, I infer that the rocks from the foot of 
the Caim Hills to the Ticinity of Mid-Calder, have the Eoutbem 
inclination assigned to them in the Section, To render this infer- 
ence secure, however, a more careful examination is necessary. 

Dabnahoy Crags These two bold and picturesque Crags aro 

about eight hundred feet in height above the sea, accordijig to 
Professor Forbes. 

«r)«£ali of a Wade diinlDi mlHtance, and ffnini orcTT^tnbof ■BreTbb-mLFte DoJaqr. 
Tbe ons is probabl} iingitc, ths oilier fidipsr. Thg dqrriatc i> mtElB, Had ooiuUtala 
xnorvUtanbAlf LfaetDbslumortliflrack. I ISDt it tbrpJuE DrMaccallocb calls ■ " por- 
phyria ff»ywBckt,- and coDsiden jia achnDBcd claj^Ie. Tmj frli-Qdalo wliiml 
Bbuvred 11, fonned ttie sainfe DpJnEDii. I( liAa b«rD pronounced a greeiuIoaBi Iwwqtv, 
bjr F*^™] mlnBaln^ts, and tbb Is na doijhC Ukc mrire coweol dcsfgoBtioD. aiooe tha 
cf-ftLal4]m*« beco brmedlnit, andaieioDt aaddentall^Dilxed itifli Iho it(fiermat» 

prD«9d by which wmiB Tarifllln nf iba tAp faraELy h4r« b«n pTcduooL Tbaaal^Jcot haa 
noEeacapod LbelDdi-rkli^bleDrMacoullocIi' QeobacrrestfaatBlatodayaDdahalebaTv 
bwiconTFrted by heat Into ffre«ut0D«.pDrpbjri«,fagTTib1vndeachlAt,al][DH,pHBchlB(i, 
baaall, and Ijdiui Uoiw.— (Syitcni oT Geology, L, p. tM,ai(l. JUi H.. p. U8.MIl) 
TKl5. hffviysi " is aleaftjr pfDiod bj fiodlcg tnp and porphyry oalviglEng fra^meala n 
KbEtIa, in which the gradual melting dovn at (he mateilal Ii dlilioclly tn«iL~ 

it (eenii probable Ibatbi Ibe Acblnoon mck webannaCurtcanghllD tba faet, aa II 
pletod. Nor.pethnpn, hivHWsfiirlosiwIitorUioagBnt, A bedaf trap?, exists olniit 

nf this Edea, tbal whila Ibc {QHrior displays no stniolnm, (hsupp^r pQrttuo. tO Uw 



ErjrtslUne aod coocreUanaiy slrut-tan. as Dr JtaccDllDch eb 
divtlupad wllhoul actual futlon. 
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They consist of a krg'o mass of (rap, ineumbout on sandstone. 

a, Tlie sandaCoiiu, of wliicli a depth of one hundred feot is 

visible, Thore ia very iittle shale in it. It dips S. or 
S.S.E. at 18°. 

b, A dark greenstone of groat depth, in apparent beds or strata. 

According to Bone, the base of the roclt ia clinkstone or 

foUpar, and it is reiulered porphyritic by the two' commoQ 

varieties of felspar crystals. 

e, A broad greenstone vein, running east and west, pnriJlel ta 

the two hills, at the distance of a quarter of a mile. It i» 

easily distinguishable by the swell of the ground, and i* 

noticed here from its poaaible connexion with lh#Crags. 

There is another bed of trap southward. It ia exposed in a 

email brook half a mile west from Balerno village. In the burn 

Tfhioh flaws northward from Listen Shiels, several beds of aand- 

tone, and one of hard blue limestone are seen dipping south at 12° 

or 15°. This is a mile and a half south of Dalmahoy Craga. 

About a. mile farther south wo flud the thick-bedded soft reddish 

aandstotie of the Cairn Hills, commencing near Bevelaw Burn, and 

ascending Ihe north slope of the Pentlanda, with a dip to the N.W. 

of 12° or 16". The position of the rocks at this place, which 

ia about four miles east nf the line of Section VIII., is therefore 

analogous to tlial shown in the section. 

Mount Maw This hill, which forma a narrow ridge two miles 

in length from north to south, anil 1 700 feet in height, occupies an 
important place in the geology of iho Fenllands. Near its north 
end I traced the vertical «iale to a point within one hundred and 
fit^y feet of its summit. I crossed jt at a point tlirco quarters of a 
mile farther south, following the beds of two streams, and the ver- 
tical slate was not found till I arrived at Lyne water. Nothing 
was seen but conglomerate. Tho »nme rocks are seen in Cairn 
Muir Bum ; iti Lytio water, which cuts across its south end ; and 
at every point on its summit where the covering of turf Is wanting. 
Below is an ideal section of the hill lengthways, from north to 
south, acaording to my conception of ila 

• Eaai. GeoL p. It?. 
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. a. The vortical slate, reaching nearly to tfao sanimit at the 
north end. 
6, Beds of granular and rolled conglomerate, forming the entire 

mass of the hill at the middlo and west end. 
c. Ljno water near Stoneypath, at the south end of the hill. 
The overlying rocks, aa seen in Lyne water and ita branches, dip 
Kaearly S., but sometimes S.W., that is, in the direction of the 
Ihngth of the hill, at angles Tarying from 5" to 20° ; and their ab- 
olnte thickneas at right angles to their inclination, is probably not 
inch short of one thousand feet. This is by far the greatest indi- 
.idual mus of these overlying rocks in the Fcntlands. 
I There is another interesting feature in the structure of this bill, 
■ '8 relations to the adjoining parts of the chain. While the 
ra the west side dip S. or S.W., those on the east eide dip 
__ , or rather E.S.E., and at a higher angle. The latter is the 
Siual inclination of the overlying beds every where to the east- 
vard, except In a limited space at Habhie's How. The other dip, 
to theS. or S.W., prevails over both branches of Lyno water, from 
Stoneypalh northward, in West water, and Medwin water, and to 
the westward generally, except at Mendick Hill, where tlie S.E. 
dip is again seen. In short. Mount Maw forms a sort of axis. 
over which the stratiGed rocks appear to bend. Perhaps the 
change may be explained in this way. Supposing the whole beds, 
westwant as well as eastward, to have had the usual 8.K. dip ori- 
rinally, it is plain that if un axis or stiff hurizontal line, extending 
S.W. and N.E. at a great depth under the surface, were pushed 
up to a certain heiglit, it would inoert the dip (turn it N.W.) on Ibe 
one side, and greatly increase its angle on the other. But if the 
liiling object ertended S. and N., the deflection on tho west side 
would be entirely westward ; however far it were carried, it would 
not reverse the dip, because it could not communicate any northern 
deflection ; its eooct would, therefore, be on the one side to turn 
the S.E. into a S.W. dip, and to diminish its amount; and on the 
other to increase the dip, and turn it a point or two more to the 
oast. Now this is the case at Mount Maw ■ hence it rnay be in- 
ferred that s fracture, attended with u great UJt of the vertical 
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slate under Mount Maw, had disturbed the strata in the m. 
doscribed. The moveineiit probably did not extend to Mcndlck 
Hill ; bat either this or a subordinate movement perhaps produced 
the bend in the calcareous strata at Lyndale, and raiaeJ the lower 
portion into the inclined position which it occupies. I am well 
aware that there arc anonialice in the position of the Btratifled rocks 
here, as elsewhere, of which it la vain to seek an explanation ; but 
still it may be admitted that there ia a sufficient consistency in 
the phenomena deacribcil, to give probability to this conjecture. 

On the more westerly part of the hills, a few remarks may 
suffice. The south end of Milislone Rig is of conglomerate, the 
north of a hard reddish sandstone, but I could not discover ths 
junction. Near the head of Mednin water I found large beds of, 
aandstonedippingN.W. at 10". Anaong them id a stratum of reticu- 
lated sandstone, which has its surface divided into numerous small 
compartments, by interlacing bars of stone, resembling the earned 
partitions of cathedral windows. There is very tittle, if any sh^s 
hero. In Westwatcr of Dunsyre, about a mile south from this, I 
found a firm sandstone dipping 8.W. at 5° ; and on a portion of i^ 
from which the clay had been removed, there were beautiful and 
well marked dressings, pointing right across the stream, or E. and 
W. About a mile farther south towards Dunsyre Hill, there aro 
two quarries, where the red-coloured sandstone is exposed in bedi 
six feet thick, dipping S.W. at 10°. I did not examine the rook 
westward of this ; but I traced Linbouae Burn from Crosswood to 
its source, I visited Wilsonlown, oud skirted the west boundary 
of the hills; and tho inference I drew from the facts observed it, 
that the strata, as far as the Lanark road, consist almost entirely of ' 
a soft thick-bedded sandstone, similar to that of Cairn Hills, dipping 
through various points of the compass fi^om "W. to S.S.W., but 
most generally to W.S.W., and at a low angle, probably averaging 
7° or 8". Modwin Bum, "Wealwater of Dunsyre, and even the 
upper part of Linhouse Bum, all run on the edges of the strata, I 
saw no perfect shale, and no impressions of plants till I came very 
near to Crosswood House, where they are seen in abundance, and 
where a bed of bluish-coloured sandstone is found in veir regular 
small columns, lining tho water course like a carefully laid pave- 
ment. A bed of trap is exposed in the stream a little eastward, and 
may account for the columnar structure. This bed or vein of trap 
(coloured green in the map,) is, perhaps, a continuation of that 
which is found at Colzinm, two miles eastward- Though the beds 
of sandstone, without carbonaceous impressions, extend over a 
horizontal space of three miles, they are probably not thicker, 
owing to their low inclination, titan those of West Cairn Hill. 
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Fig. 73. 

, The picturesque crag 
ve Dunsyre, consisting of 
,1. I iifglectcd to note the 
kind, but 1 tliiok it is a por- 
- phyrilLc basalt, like that on 
: the S.E. limb of Arthur's 
Sedt. It presents an appear- 
ance of bedd, dipping S.E. at 
'2.y, wllii =inall (ransyersc prisms. The crag ii probably 
live or !^i\ bunilrcJ feet above [be plain on its soutb aide. 
i, The tbick-bcildcd sandstone, dipping S.W. at a low angle, 

and presenting ila truncated ends to the trap. 
G, Dunsyre village. 

Ou the west aide a portion of traptuff is aecn between the aand- 
r^jltoiie and tbe basalt. The bill has on its east side twenty or thirty 
«f those terraces, called daces, of whieh we have examples on the 
i .Muth-easl part of Arthur's Seat. The one end of each terrace 
f iJiBTe is fifty feet or more lower than tbe other, showing that they 
. icould not be produced by water, as Borae have imagined, like tbe 
I parallel roarU of Glcnroy. They are unqnes lion ably artificial. 
, -*■ Terrace Hill," at Newlands, fuur miles eastward, exhibits simiUr 

Fig. 73. 
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, Beds of clinkstone and cli nVstone porphyry, generally with a 
red base, some spoiled with wlilte felspar, some striped, seen 
at its south base, its summit, and iu Westwater. 
6, Reddish-grey porpliyry, algo of a slaty gtractare ; It projeeta 
beyond the first bed, producing a sort of platform o: 



north side of tho 

dred feet, 
e, A brownish granular 

tho hill, lorraing a 
d. Conglomerate, with 

diameter, forming 



., and leaving' a hollow of one bim- 



ong-lomerateeeen in Westwater, and on 
!cond plalform. 

ounded bowls extending to one foot in 
third platform. 
Compact conglomerate of n reddish-grey colour, seen in Wert- 
water, and partly on Millstone Rig, e. My belief in, that 
this coDglomerato pusea under the landstoue which Ibmu 



tha nortli part of Millstone Eig ; hat I could not find the 
junction of the rocks any where. 

Mendick Hill, whtcli i^ one milo ^est of Linton, is steep and iso' 
lated. Its height in Knox's map is said to be 1350 Feet ; but I 
think it cannot be under 1500, if the estimated heights of some of 
the neighbouring hills are correct. 

There is a long narrow wooded hill, called Magbiehill, one mile 
south of Linton, rising probably three hundred feet above its base. 
The rock consists of a Grm sandstone, in thick strata dipping S.E. 
at 30° or 33°. It is rather floe-grained, of a deep red colour, with 
numerous purple spots, and some scales of mica. It is much iron- 
shot, seems to contain very tittle quartz, and is quite UTdike the 
sandstone of Cairn Hill. At the oast end of this hill, about one 
mile north of Noblehouse, the coral limestone crops out. Tho 
covering of gravel and soil round the skirts of tho hill, renders il 
difficult to ascertain its relations to the rocks in the neighbourhood. 
It appears probable that it is a frag-ment of the vast mass of sand- 
stone which wraps round the west end of the Pentland Hills, and 
which had originally extended aloTig at least a part of the south 
side also ; and that its position in the series of rocks is above the 
calcareous sandstones seen at Linton, and below the coral lime- 

Roberton Hill, about a mile south from Duusyre, consists chiefly 
of clinkstone ; and rocks of the same class, including quartz- 
iferous amygdaloids, continue with some interruptions to Tintock. 
We have thus a series of porphyriea extending over a space of 
thirty-five miles, reckoning from Braid Hills. I visited Tintock 
in 1S37, and, from a hasty examination, inferred that its structure 
was as fallows : — 



1 







Ro. 74. 




iA 


W 






'y^^^^B 




m> '^ 




^^" 




Wlk 


a. 



I 



a, a. Flesh- coloured felspar, identical with that of Nortk I 
Black Hill. It seems to cover all the upper part of Tin- I 
tock. It contains veins of sulphate of baryta. 

rk-grey clinkstone at Pap Crag, into which the feli 
passes by a gradual change. 
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c, e, Beds of conglomerate, ascending TFithin 400 feet of the 
summit, and found at various places along the south skirts 
of the hill. It is probably 1000 feet in depth. Below Pap 
Crag it consists of rounded masses often as large as the 
head. Many of these consist of travelled stones, such as 
quartz rock ; and in this respect it differs from the conglo- 
merate of the Pentlands. At Wolf Bridge, which crosses 
the Clyde, it is a very hard compact rock, scarcely distio- 
guishable from a compact greenstone ; and hence has been 
named by Dr Macknight *' the greenstone substance.** * — 
The height of Tintock above the sea is 2300 feet. 

* WemeriaiirTnuiaactioiif, Yel. II. p. 123. 




So many facts are yot unknown to us, and so many of the agenti 
by which Nature has worked mighty chatig'ea, are still wrapped in 
mystery, that geologists, though able to explain no inconsiderable 
number of phenomena, daily meet with others whieb baffle their 
utmost sagacity. Those problems still to be solTod^those effects 
for which they are yet unable to assign causes — offer prizes to 
active inteUocta> and incniase tho attractions of the science, while 
they are proofs of its imperfection. They are not arguments against 
speculation; for the labour of collecting facta would be dry beyond I 
endurance, if separated from the study of causes ; hut they ought i 
to teach us diffidence iu all our conclusions wliioh go beyond the i 
most simple and direct inferences from well- ascertained facts. 
Geological theories must, for the present, involve many uncertain 
elements, and should be considered as provisional, at least in many 
points. The following hypothetical remarks are therefore proposed 
merely as conjectures ; and 1 shall be ready to renounce any, or all 
of them, when a better esplanation of the phenomena is presented. 

In the west end of the hills, where we have the suite of rocti 
beat displayed, the order of superposition if the whole were placed 
horizontallv above each other, and Ijcginning at the bottom, i» 
follows : — 

J. The vertical greywacke, the fundamental rock. 

2. The overlying conglomerate. 

3. The clayatone, clinkstone, and felspar porphyries, found 
on the south side of tbe hills. 

4. The calciferous sandstones, including the thick j 
sandstone of Cairn llills, and all the beds under tha 
upper thick bed of limestone. 

5. Tho coal measures. 

6. The Roslyn sandstones. 

1. The Vertical Gretfwaeki — -Not to involve myself in too wido 
a range of discussion, I pass over what regards this rock, with tho 
(ingla remark, that it must have been originally formed in hori- 
zontal beds, like sandstone, and afterwards turned up into the posi- 
tion ill which we find it, by causes which it is foreign to my pre- 
sent purpose to inquire into. 




2. 7^ oetrfying eimgbmeraie eoniUti nuraly of the defitiu, or 
of rolled trtgmeata, of the verticBl itnta, od the ende of vhieh 
it mil, with a mixture of fbreign anbitanoei, meh u quarts fU- 
■par, aod Umeatone. It ia eiidently the prodoot of aqneoni 
agenoj. When the greywackg wat turned np into iti prewnt po- 
rtion, with rolling waters plajing over its edget, daoe aomft of tba 
■trata are thick. Mine thin, some Ann, otben fbeblf cohereuti wa 
mar BnppoH that the expoced parts of tha looter strata would ba 
worn down to clay or aand. and the harder hroken into ftagment^ 
which would be smoothed and roonded hj long a^tatlon In tlw 
water. The sand woold concrete into Mdi of floe-gr^ned, the 
rolled pieces into beds of eoanc^ conglomerate. As the first aetioB 
of the watervanldbacKMitedan tbeprtfjeetingpartsof the rsrti- 
m1 itrata, €ba detrUtu would be deponfed In hollows, or on dw 
sbeltwred dd« of prondnent firm roek^ *ezposed to ooireDts. In 
the westempaits of the Fendands, where the atmetara and pod- 
tion of tlie overlying conglomerate is best seen, the gmt mnt vt 
these rooks is on the sonOi ^de of the hill*. On ttie 'Bortb Mm 
(head of Ljna Water) thOT dUa off and dEstqipear, and tiw mtt- 
esl slate presents itself. uMonnt Maw thej are probaUy ai^ 
hundred feet thick,* and the conglomerate at the top of that hiiV 
must be the wreaks of a rock which then ooonpied a oigher dtnB> 
tion. But it i* farther worthy of notice, that much of the eoane 
overlving conglomeriLte seems to cousisC of portions of the flner 
beds of the same, torn up after being consolidated, and worn into 
bowls by long rolling iu the water. We may explain this hypo- 
thetically. 

Fig. 73. 




S, T, Tho vertical skte in its original condttioo. 

a. The projecting uneven ends of its strata, exposed to abra^on 

by currents. 

b. Overlying strata of coarse and fine conglomerate, consisting 

of the detriius and debris of the prominent parts a, of the 
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vertical strata broken off, tritur.itcd, and lodged in the hol- 
lows bj tlilea or currents. We maj suppose these inclined 
beds to consist of the ruins of the vertical strata a, worn 
down to the line 1, 1, by cnrrents operating from the left. 
d. Let MS suppoie the action of the current to be continued, till 
the vertical strata are worn down to the line 2, 2. It is. 
evident, that besides an additional mass c, of the vertical' 
Elate, the upper portion of the overlying rocks, b, would bOi J 
ia their turn swept away, aod from the detritus and debris, f 
wo might have a new series of beds, d, formed. This Ii I 
think must often have been the case in the Fentlaads ; forif 
mbile many of the conglomerate bawls consist of pieces a£, f 
the firm groywackfe, well rounded, others seem as plainly torcj 
be merely fragments of the reoomposed overlying rocks, tomi I 
up after being deposited, and worn smooth by rolling. 
Three observatioiis present themselves with regard to the 
glomerate. First, The long time which must have been require 
to give such perfectly rounded forms and smooth surfacos to thes 
globes, of which there are four beds at least on Ljne Water, eaoli'J 
sixty, eighty, or one hundred feet thick. Secondly, The oollec-« 
tion of these rolled masses at particular spots, and in the immediator' 
neighbourhood of the rocks from which they are derived, is scarce- 
ly compatible with the action of great currents, which would have 
swept away and dispersed such moveable fragments long before 
they were so perfectly rounded ; and rather suggests the idea of : 
tidal action, operating with its flux and reflux within hollows of' 
limited extent. Thirdly, The alternations of coarse and tine eon*. 
glomerateSi probably indicate alternate periods of violent agitation, . I 
and comparative repose, iu the waters. I havo tried to connect the. 
coarse conglomerates found at different spots in the basin of the > 
Lyne, by assuming one to be the prolongation of another, but with^ 
out success. They seem generally to be local, and of no great la- i 
terol extent. 

The conglomerate ia here descrilied aa composed solely of the. I 
detritus and debris of the greywaekgand clayslate; but even those i ' 
portions of it which rest immediately on the slate, contain grains vL 
and fragments of light-coloured felspar, showing that igneous rocks-. I 
of this class existed here before the conglomerate was formed. Tha* 
darker- coloured grains which also aliound in it, may consist partly 
of the grey and dark- red porphyries, though these, from their resem- 
blance to the clayslate and greywscke, are not easily recognised. 
At some places also there are a few travelled stones in it, namely, 
large fragments of quartz rock, white crystalline quartz, and 
others, from primary formations. 

The Porphyries — Upon the grey waekg, slate, a 
whioli then constituted tlie floor or bottom of the sea, the porphy^^ 
rics, issuing from submarine craters or fissures, must have been dej 
posited. That these porphyries were the prodoat. «t « 
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eruptions, Beems to be established by the following facts : — First, 
It is shown by the variety in their texture, colour, and coniposi- 
, tion ; for it is quite inconceivable t1iat the white felspars, blue 
clinkatoncs, and red porphyries, could be parts of one current of 
fused matter. Second, It is shown liy the amygddoida, which 
ara aoalo^ous to cellular lavas. In a deep Riirrent of lava, the 
bottam is as compact as our basaJts ; the middio is slightly porous ; 
and the top, owing to the absence of pressure, is generally full 
of cells. If water holding lime, silica, or alumina, in solution, 
stood long over such lara, these substances would pass into the 
cells by infiltration, and convert the upper part of the current into 
an amygdaloid.' The amygdaloids in the Pentlands were the 
upper part of flowing masses of submarine lava. Their repetitioD 
U evidence at once of successive eruptions, and of the presence of 
water at or after their deposition. Third, It is shown by the me- 
ciianical deposits intercalated among the porphyries, several of 
which hare been mentioned, and there are unquestionably others 
which have escaped my notice. These are, the conglomerate 
covering part of North Black Hill, and which may perhaps bo 
the same with that underlying Eelld Hill and Harbour Hill, (aee 
pngo I;i4;) the conglomerate foun<l under Turnhouse Hill, of 
which that between Harbour and Belld Hill may be a part, (see 
page 131 ;) the beds of clayatone tuff found at Chapel Bum, and 
in South Bum, (see page 139 and the breccia found near East 
Side Farm, (see page H3.) The conglomerate covering part of 
North Black Hill, has obviously been produced by the action of 
water on the felspar, and on the greywacke adjoining. The clay. 
■tone tuff of Chapel Bum and South Burn, has incontestably a 
similar origin ; and the hreeeia near West Side Farm consists of 
fragments of all the porphyries below it, deposited in beda by 
aqueous agency. Each of these mechanical deposits is found sepa- 
rating one bed of porphyry from another, and proves beyond ques- 
tion the presence of water. The amygdaloid;, as already observed, 
afford evidence to the same effect. We may therefore infer, thnt 
the porphi/nes mere not injected between or anions pre-eriitinff 
TOi:lu, like most of the traps, but deposited partly on the upturned 
greywacke slate, partly on the conglomerate, that is, the old red 
sandstone ; and further, that this took place under water. 

It is difficult to determine in what manner the ejection of the 
porphytitic masses took place. The fused matter might issue Bke 
a stream of lava from a single crater situated atone extremity of 
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out ai'ter ai 
lowest bed 



n of porphyry was (hrowii J 
tnard along the cavity, tiie 1 
B, or on ibe vertical slatei I 
lave it uticovcreil, and tbft I 



the chain, and flow in a long narroi? current towards the otherj 
or it might be thrown out from tisaureB running parallel to th^ I 
chain, and in juxtaposition with it. Boue* is in farour of the I 
former hypothesis, which seems to me most consistent with thf ^ 
phenomena to be esplained. Let us indulge in a few conjectureu, i 
1 . The crater, we may suppose, vas at the east end of tlie ohaiih J 
einco the porphyries are thiiikest there. Along hollow or trougbi J 
some miles wide, escavaled by water, i 
probably existtd in the vertical slate, i 
" rming by the action of walo: 

lather, and flowed south-wes 
resting on the conglomerat 
conglomerate happened to t 
upper beds resting on the lower.f 

3. Oucftsionally, in the intervals between one eruption and an- 
other, conglomerates, breccias, or tufl's, were formed by the ai 
of water on the rocks already existing, and being covered by tit* J 
more recent eruptions, now appear intercalated utnong the por- [ 
phyries. 

4. After the eruptions had ceased, ocGRnic tides o 
away the soft vertical slate on the two sides of the chain ; the por^: I 
phyry being incomparably flrmer, resisted this destructive agency- I 
to a certain extent, and protected the slate below it ; hut the outer 
portions of its beds were broken off, and its mass worn down from f 
the form of along flat parallelograna, to that of a narrow ridge, with I 
breaches in the softer parts. The state of the surface was thus re- 
versed ; what was originally a trough in the slate would now be A- | 
high ridge of porphyry, and the two plateaux of slate which for- i 
merly flanked the trough, would now be replaced by two deep 
cavities on the opposite aides of the porphyry ridge. ± i 

5. In tliese cavities beds of sandstone, slate clay, limestone, clay 
ironstone, and vegetable matter, were slowly deposited by water 
during a long course of a^es, and now constitute the calciferous 
sandstones and coal formation. 

6. After this, two great muvements took place : first, either tho 
ridge was pushed up, and lilted tho sedimentary strata on its two 
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flanks, or, niiat is less probable, the same effect was produced bj 
theae strata sinking down ; second, by a separate movement, 
or perhaps a modificatbn of the former, the nortliem side of the 
hilU was elevated three thousand feet above the southern ; the beds 
which had oace been horizontal, were thrown into a position 
inclined at 20° or more to the south-east ; and the porjihjries boro 
□p portions of the newer strata vith them. 

7. Manj partial upheavings and subsidences followed, prodacing^ 
faults or other looal alterations In the position of the sedimentary 

rocks, aadto a smaller extent in the porphyries ; while the tides and 
currants of the ocean continued their defitmctivo agency, cutting 
away the softer rocks, undermining the harder, wearing down pro- 
minences, and smoothing the surface. 

8. Lastly, some great movement or succession of movements, 
raised the hills and all the adjacent rocks above the sea. 

Where the subject is so obscure and complicated, and tho data 
BO scanty, it would be a waste of time to enter into any elaborate 
defence of this liypothetical sketch. A few observations may 

I. Tho arrangement of the porphyries in long lines, as in the 
Peotlands and OchiUs, instead of broad extended plaleaui, approxi- 
mates their form to that of coulees of lava, and is in favour of the 
supposition that they proceeded from points or craters, and not 
from long fissures.* An examination of the district between tlie 
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Gra.mpiang and the Southern Hills of Scotlanil does not countenance 
the idea, that wide extended masses of porphyry are IjJng unseen 
below the scdimpntarj rocks, and that the OchilU aud Fentlands 
are mere portions of these pnshed np and exposed. 

2. We must assume the existence of a trough, to account for th« , 
liquid porpiiyry flowing only in one direction, and not spreading 
out in brcadtli, and this trough apparently must have heen in tha ' 
slate. The Lammennuir and Peebles-shire Hills may lie coiisidered 
as part of the southern Aank\ng plateau, and prove that the slats 
was high enough to answer the purpose. Tho liquid matter could 
not be confined by [he strata of tho coal measures or calciferous 
sandstones, because, if these were being deposited at the time, bedt 
of them should have been somewhere interstratified with the por- 
phyries, which is not the case. 

3. If the hypothesis be correct, all the variety of igneous roeka 
eiistiug any whore in the hilb, should be found in the neighbour- 
hood of the supposed erater, namely, at the east end. Tills doe^ I 
not hold true ; yet it approximates to the truth ; and it is quite 1 
possible tliat the portions connecting certain distant masses with j 
the crater, may have been swept away by denuding agency. 

4. It is not necessary to sujtposo that there was only one crater : . I 
there may have been two or three situated in a line, (for volcanoei j 
are found to aS'ect this linear arrangement, those of Mexico, for ] 
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inatance,) anil throwing: om similar matter, not at Che same moment, 

but in the same geological epoch. The esistence of the long line 

of similar porplijrlcs extending from Kirkjeltou to Tintock, niajr 

thus be accounCed for. Braid HUls may be the prodnce of a later 

I Vuptlon from the eastern crater. It Is probable that a subsidence 

\ look place in the porphyries at the east end, when the i^eoua 

~|etion ceased,* and the heat abated ; or the frestern end may bare 

Ben subsequently raised ; but no great difference of level between 

-" two ends is required to explain the phenomena. The coal 

a may have covered, and probably did cover, the porphyries, 

it U not necessary to assume this. The strata on the opposite 

fdos might be connected at one or both ends of the chain. 

li is worthy of remark, that the two chains of porphyty, the 

L OohiDs and the Pentknds, ran parallel to the great valley, boatided 

Lfcy the Grampians and the Southern HJllsif 'whieh constitutes the 

F niddie district of Scotland. If we suppose this valley to be partly 

Lflie effect of denudation by an oceanic current from the Eouth-west, 

EAese chains are precisely in the direction of the current, and may 

b JWCupy what wero originally minor cavities or troughs excavated 

I by it, as our hypothesis assumes. If the valley is partly the effect 

Lw subsidence, tliese cavities maybe minor loci effects of the same 

L Muse, harmonizing with the greater in their posidon. The Garle- 

^ tan Hills are in the same line with the Pentlands. 

TAe Caleiferotu Sandstones. — In the burn westward of Habble'a 

How the conglomerate passes into sandstone, the two rocks alter- 

I Dating at the juncdou. At Mickie Knock there is a bed of lime- 
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stone near the junction, which may he conaidered as represented 
on On south side h; numerous thin beds, and perhaps by thu cal- 
carBdus stratifleil olaystonea eiposeil in Lynedale niTiae. AbovB 
these are the vast beds of stuidsto'ne of the Csini HUIa, on 
north-nest side of which, at Crosswood, carbonuoeons imprcSBlooB 
of plants appear, indicating the ajiproach of the ooal mtasuros. 
Four-fifths of the substance of this sandstone consiats of grains of 
quartz. Whence has it been derived ? Very probably it is thg '' 
delTibts ^tlH quartz rock, granite, gneiss, and mica slate, of tfas | 
Argyle^K^^Bwonpians, and Islands j or the ruins of mini 
masses iStfK baye disappeared, and of which the Long latandf 
Tirey, Colli Blay, Jura, &e., are the remnants. With so many 
procrfs of waste and destruction on the western tnountains and 
islands of Scotland, there la no difitculty in accounting for the o; 
isteuoe of a, deposit of sand a hundred times larger than this ; an 
in (he carrenta of the ocean we have an agent adequate to its tran 
imrtation. The Gulf stream, which has formed the banks of ] 
newfbundfend.liafe carried sand ten times farther. Why there il 
to rouch of'the sandstone on the north side of the hills, and so littta | 
on the south ; so much conglomerate on the south side, and so 
tie on the north ? are questions to which, perhaps, no better ans 
can be given, than that the form of the subjacent mass, and its posU I 
lion in respect to the current, might determine the transported i 
matter towards one part in mlicb greater proportion than towards 
anotlicr, and further, that the currents which laid down the detritus 
at one time, might, from changes in their force or direction, after, 
wards sweep part of them away. 

The sandstones of the north side of the hills seem to replace the 
conglomerates of the south, as shown in this diagram — which ii 
section N.W. and S.E. through Mount Maw and West Cairn Hill. ■ 

Pio. 77. 




c. The conglomerate of Mount Maw. 

c. The vertical slate. 

«, The sandstone of Ciiirn Hill. 

Originally, the conglomerate and the sandstone must have been _ 
in bods nearly horizontal. An upheaving movement, acting along 
an axis nmoing N.E. and S.W., had raised the central part ; the 
inoumbeut strata would then be bent into the arched form p, <i, t -, 
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and the upper parts being' mucli fissured, would afterwards bs 
broken up and carried off by currents. In Weslwater, at the east 
end of Mendick Hill (t in the map,) we have huge blocks of sand- 
stone up to twantj tons, In vast numbers lying in the stream, which 
are, no doubt, tho wrecks of the bedsp, 9, r. "When the denuda- 
tion was completed, and ihe hills raised above the ocean, the sur- 
face would have the outline M, x, W, which it now presents, 
bringing even the fundamental rock v into view at x. M m Mount 
Maw, and W West Cdrn Hill. I found two or throe hoJi of 
trap among the conglomerates it) the ba!«in of the Ljne, which may 
have aided in shattering the sedimentary rocks. There is a larga 
bed of aniygdaloidal porphyry near the head of Millstone Rig, ono 
near its south end, and there are no doubt others which have 
escaped niy notice. 

Braid aod Blackford Hills are evidently a continuation of the 
Pentlands. Though tho country sinks, the rocks may be traced 
over all the intermediate space. They are of the same kinds, 
claystones, clinkstones, and porphyries ; but the varieties are less 
numerous, and the bedded structure, if it exists, is much mora 
obscure. I observed one greenstone vein. I cannot, however, give 
details, or speak with confidence of the structure of these t'" 
having merely walked over them two or three times. 



T . Tl;iiid Hills in the direction of their 

lenijili. It p^issea through the summits of the southern part of li ~" 

a. Braid Hills. 

b, Kirkyetton Hill. 
e. Caftlelaw Hill. 

d, Tumhouse Hill. 

e, Camelby Hill. 

f. South Black Hill. 

g. West Kipps Hill. 
k, Broad Law, where the porphyries terminate ; but they 

wards reappear on Meniick Hill. 
t. Mount Maw and MiUstoue Rig. 
k. The sandstouo hills northward of Bunsyre. 
_f, Porphyry : v, vertical slate: m, conglomerate : s, sandi 

vi, is vertical slate supposed to exist, but uot 
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The porphyries of the Peiitlanda belong to an old formation, 
which is widely diffused. According to Brongniart, they are found 
as low as the mica slates, and as high as the lias. Tlie rock 
known to be volciinia to which they liave the greatest affinity is 
trachyte, and this, according to the same authority, is only found -j 
above the challc.* Of the clayitone porphyry (argilophyre) he 
says, that " it differs very little from trachyte : it has a bass i 
(pate) more rongh, more dull, more varied in coloar. It indicates 
rather a Gedtmetitary than a crystalline origin.''t Beudant thinks 
that a line can be drawn between the porphyries and the i 
trachytes ; but Boue contests this opinion, and ia supported by 
Humboldt. He holds that the clinkstones have been ejected fron j 
craters in the manner of tracliytes.J In Mont Dore in Auverg'ne, 
" the trachytes pass by the most insensible shades into well cha- , 
racterisod clinl(sIones."g Beudant^s descriptions show that S' 
of the Hnngarian trachytes approximate closely to the felspars and J 
clinkstones of the Fenllands. He distingnishes five varieties, 1 
The flrsC and fifth consist chiefly of pumice, scorified substances, 1 
and mixed fragmentary conglomerates. Tho second, which he a 
calls trachytic porphyry, is distinguished by the absence of scorified ^ 
substances, /n/ its resemilance to the older porp/iifrics, and by ilt I 
containing quartz and calcedony. Tlie third, a species of pearl l 
stone, contains geodes of calcedony and opal. Tho fourth puts on 
the character of a. horiatone or elat/stont porpAt/ri/, having a duU 
earthy paste, of a brich-red or greenish-yellow colour, conlai 
iryttals o/qiiarfr, ofjilspar, lamellar or glassy, and qf black n. 
The descriptive terms marked by italics, comprehend most of the 
essentia characters of the felspathic rocks of the Pentlanda ; 
there is this additional trajt of resemblance, that the Hungarian 
trachytes rest on transition rocks, and, in some cases, support the 
older secondary deposits. Dr Daubeuy remarks, indeed, that tlio 
claystono of Arran presents numerous analogies with the trachytes 
of Hungary ;^ and this claystone resembles some rocks of the 
woe species in the Garleton Hills and the Pentlands. 

There are rocks which can only be denominated " greenstones" 
n the Pentlands ; but as they geneTally pass into ulinkBtonc, their , 

I most probably of that substoncc. Of the i 
dolorites or augitic trajis, so far as I can judge, iher 
among tho porphyries. 
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I have not &een a single vein of greenstone in the porphyries of 
the Pentlands. There is one near Bevelaw, but it is in the verti* 
cal slate ; and there is another westward of Torduff Hill, (A, Fig. 
62, p. 135,) which is found piercing beds of sandstone. There 
are, besides, two or three beds of greenstone or amygdaloid in the 
basin of Lyne water, but they are among the conglomerates. 
There is a vein of heavy spar about a foot wide in Turnhguse Hill. 

The general strike or direction of the beds of greywacke and 
clayslate in the Pentlands, is N.N.E. and S.S.W., or more cor- 
rectly N. by E., and S. by W. The axis of the hills crosses the 
strata of the fundamental rock at an angle of about 30^. 

Before leaving this subject. Bone's opinion as to some of the 
other igneous rocks of this country, may be quoted. Having exa- 
mined both our traps and the volcanic products of Auvergne, he 
thus classifies the former. 

Evidently Volcanic A black basalt near Mid-Calder, with 

grains of olivine and crystals of augite, and another like it some- 
where near Edinburgh. 

Probably Volcanic. — The basalt of Staffa — the traps of Arthur's 
Seat, the rocks of which are of the same species, and are similarijr 
arranged with those of the volcanic districts of Auvergne and the 
Vivarais, (but the greenstone of Salisbury Crags is an exception) 
— the traps of Dalmahoy Hills — of Lamlash Island — of Dumbar- 
ton rock-^and of Craglockhart Hill. The last, he says, (meaning, 
no doubt, the traptuff,) is very like a volcanic tuff. 

Doubt fid. — Salisbury Crag — the Castlehill — the Calton — ^Black- 
ford Hill — North Berwick Law — Garleton Hills — and some traps 
at Linlithgow.* 

» Edinburgh Philosophical Joornal* Vol. ii., p. 326. 
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Thb geological age of tho hills ia bj no means identical i> 
tha.1: of the rocks composing- them. It means the period, wl 
either hy an upheaving movement affecting the hills, or ono 
subsidence affecting tlie rocks on their flanks, thej rose above lbs I 
eommon level of the adjoining district. Thns the Pyrenees; i 
Ibough consisting of ancient rocks, had been elevated subM- [ 
qnently to the fleposition of the chalk. Elie de Beaumont baa, 
generalized the facts which itidioato the ago of mountain chain* 
with the happiest effect, and claasccl those of Europe into twelvo 
systems, the most recent of which bad undergone uphcuTin|^ 
movemente since the deposition of the older allnvium.' His lead- 
ing principle may be explained in a few words. It is evident tbair 
eedimentary strata, sometimes less than an inch tbicl:, composed of 
such materials as sand or ciay, and found resting vertically on' I 
their edges, cannot be in their natural position, but must have been* j 
turned up since they were coiiBolidated. The same remark applies ' 
to beds of conglomerate, consisting of finely rounded bowls six i 
eight inches in diameter, when found on edge as at Callendar, i 
on slopes as steep as the roof of a house, as in the Pentluuds. 
then, we find, on the fianks of a mountain, some sedimentary bei 
tilted on edge, which had of course been deposited on planes ' 
nearly horizontal, we conclude that the beds existed before the 
mountain was upraised, since we cannot otherwise account for 
their being forced out of their natural situation. Such beds ara 
said to be older than the mountain ; that is, they are older than 
the date of its elevation. If, again, we find Ibe tilted beds covered ' 
by other sedimentary beds which retdn their natural horizontality, 
we conclude that the level beds had been deposited a/la- the moun- 
tain was upraised, since they have not participated in the olovalory ' 
movement. Such beds are said to be newer than the mountain ; ' 
and the age of the mountain is deflued hy saying that it is ntwer ' 
than the one class of rocks, and older than the other. 




T^. I. — We find here tliat the mouuuin M lias larned up the 
I oM red sandstone a, on its flanks, while the coai strata b, and new red 
ie c, retain their orig^inal level position. The two latter 
[ "btd, therefore, been deposited afler the old red sundstone was con- 
L lorted by the elevatory movemenL 

Fig, 2 The mountaiu N here, has turned up both the old red 

f Mliulstone a and the coal strata b ,- but the new red sandstone c re- 

a natural position, and was, therefore, deposited nfier the 

I old red sandstone and coal were contorted b; the upward movement. 

The mouutun M, in figure 1st, is said to be older than N, in 

Brure 2d ; and hence, by notiiig' what beds are, and what are not, 

tQled or disturbed on the flanks of mountains, we can compare tha 

toe of one chain with that of another. There are many dietingiuah- 

we groups of sedimentary rocks, and by taking these as terms of 

r&tcale, we can arrange the mountains into a chruuologlcal series. 

B cannot integrate the lowest of these terms in our measures of 

a, because we have no data to determine the number of t/eari 

Kitfnca the newest of the chains arose; but we can fix the precise 

Wder in which they arose, and tell which are newer and which arc 

dder than the others. 

. The mountain M, is said to bo nacer than the old red sandstone, 
f Intt older than the coal measures. 

' The mountain N, is said to be newer than the coal measnres, but 
\,eXdar than the new red sandstone. 

IS apply tilts principle to the Pentland Hills ; and as it is djffi- 

I flolt to distinguish the efiecls of subsidence from tliose of elevation, 

I let OS assume, what is the more probable hypothesis, that the 

I movement which raised them aboie the strata on their flanks, wu 

me of elevation. 

Theoonglomeratebeds, consisting of smooth globes, which would 
not rest except on a surface almost perfectly horizontal, are found 
inclined at 30° or more. It is evident, therefore, that the hillg 
have undergone some disturbing movement, since these beds are 
not in their original position. 

"Wherever the stratified rocka on the flanks of the hills are eeeu 
in juxtapotitlon with them, these rocks are disturbed. In Glen- 
cross Burn, (Section VI., a,) we have sedimentary beds (" calai- 
i^rous sandstones") dipping away from the porphyries at ^0°, where 
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there is only a quarter of a mile of JDtervening' epaci^. In BiJEton 
Bum we find the " coal measures" dipping S.E.at30^or40°. Wo 
cau trace them from the Pennycuick road, to the junction of tha 
burn with the Esk, over a ipace of a mile and a half, measured at 
right angles to their direction. Their true thickness, taking tho 
mean dip to be 30°, should be nearly 4000 feet ; but as Mr Bald's 
more accurate measurement gives a depth of only 2300 feet to the 
edge coal, it is probable that a fault exi&ts, and some portions of the 
strata are twice presented. As we have the coral limestone near the 
upper observed limit,* we are sure that all these beds belong to the 
" coal measures," and the space covered with gravel, which sepa- ' 
rates the limestone from the porphyries, cannot be less than two- 
thirds of a mile. Thus we have the disturbing action of the billi, 
extending to a distance of more than two miles from their visible 
boundary, and tilting the strata through a depth of probably 400t> 
or flOOO feet. Farther cast, at Straiten and Gilmerton, we find the j 
strata ia a highly inclined position ; and the dip is always away j 
from the hills, or away from their axis continued beyoud their visibut j 
termination ; in the latter case affording presumptive evidence either i 
that the porphyries are prolonged under the surface, or that the 
upheaving movement which raised them, extended hcyond them ia 
a linear direction. 

At Nine Mile Burn we And the strata of the coal measures and 
caloifurous sandstones turned up, and placed completely on edge, for 
aspaco of probably 1500 or 9lM)0 fcet, (see Fig, 59, p. 153.) The 
■pace covered with alluvium, between the conglomerate of the hill( i 
and these vertical strata, dues not e:£ceed 150 or 'JUO yards. 

At Carlops the calciferous sandstones, welt exposed, are found 
dipping away from the hills at angles from 20° to 80°, (see Fig. 61, ' 
p. 157.) At Linton, the conglomerate passes into a claystone, and 
both dip away from the hills at angles from 20° to 40°, (see Fig. 68, 

Ou the north side of the hills we find similar eviiie nee of an up- 
heaving movement, though in a less distinct form. In Braid * 
Bum we find strata of sandstone and shnlu dipping awny from 
Braid Hllisat 30° to 50°, (see page SS.) At Colinton, witiiin leu ' 
■ban a mile of the hills, the strata dip north-westward at 4S° to 50*r 
(Section V.) Near Kenleith there is a small portion of the strata 1 
in a position denoting an upward lift, (Section VII., h.) At Caint 
Hills we find vast beds of sandstone raised at one end, so as to dip , | 
N.W. at a considerable angle, thatis, they dip away from the centre I 
of the hills ; and farther south we Had, Large deposits of sandstona I 
dipping W. and S.W. 

If wo suppose the movement of elevation to have taken plac 
along an asis running through the hill« N.£. and S.W., and tet- i 



Iininating about Deerliope Itig, all tlie Gtrnta enumerated on both 

I fides will hti found to dip away from this axis, or from Us western 

L^ztremity, not iniloed at equal angles, or with a rigid unilbrmity of 

f iireelion, but with auffititnt regularity to iudicale an upward 

I Jnovement of the hills, as the one great cause of tlic disturbed po^i- 

L Mon of the beds. The western dip of the saudstones from West 

I Csirn UtU to Duusyre, maj bo explained by supposing ibat the 

V Vertical lift diminished from Deerhope Rig westward to the poini 

ftf'here it vanished, or that a transverse lifl changed the dip. 

I The strata of West Cairn Hill cxti'nd over a horixontul space of 

Bninile and a half, or eight thousand feet. If we assume that they 

— -e leyol when deposited, and hiive now a mean dip of 15°, their 

■er extremity (at c. Section XI. 1 must have been raised 2000 feet 

ve its original position. At 1*2° of mean dip, the rise would be 

|I|0OO feet. 

^ It has been found that sand thrown over a bank or ridge into still 

irater, will form beds at a higlier angle than 12° or 15°.' It is 

lieuoe possible that the saiidstoDO of Uaim Hills is in its ori^nal 

Ksitiun ; but there are two facta adverse to this supposition. P'irst, 

the sandstones which encircle the west end of the Pentlands, dip 

tiway in opposite directions from a common centre which is in tba 

HJs, wbero we would look for the seat of the upheaving movement. 

Bcond, Xf sandstones had been deposited at a heigAl of \ 8V0 /eel abtme 

. ,. leaea, i/iei/ must haee filled a mutlitudeoftke vallei/siii the Peebles- 

thire and Moorfoot Hills, many of which must then have existed. Of 

the little valleys not a few are ctils-de-sac, where any deposit wonld 

have found good proleetion, and it is quito impossiWo that eierj 

remnant of the sandstone should have disappeared from all these, if 

it had ever existed In them. Isolated patches of red sandstone are 

found along (he course of the Nith, at Moffat, Applogarth, Kirk. 

patrick-jnxta, Rae Enow, and Annfield, and larger ones at Close. 

burn and Sanquhar. But none of these, I believe, ascend to a greater 

elevation than 600 or 700 feet, and all of them seem to be connecU 

ed with the sea by defiles or valleys at a low level. I am inclined 

to think that uo undisturbed sandstones are found in this district at 

a greater height than eiglit or nine hundred feet above the sea. 

The existence of this sedimentary rock, therefore, eighteen bun- 

dred feet above llie sea in Cairn Hills, is another proof of itn 

upheaving movement, independently of the inclined position of iho 

Among the lowest rocks visible between Musselburgh and Bath- 
gate, we fitid none resembling the crag of conglomerate at Tur- 
phin (d, Fig. 51, p. 132.) It may be considered as corresponding 
to the conglomerate e. Section X., which passes under tho sand- 
stone of West Cairn Hill. That sandstone thins off greatly tft 
eastward ; but, supposlug that its depth lias diminished to fiva 
Jiundred feel, and that the beds between it and those visible at 
Woodbail, CSeclion Vi.,) are a thousBfld feet thick, it will follow 
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that the detached mass of con glome rate a, has been brought u 
from a depth of nearly two thousand feel ; in other words, that tl 
part of the liille aliuded to has been upheaved to that extent. X 
is merely a loose eunjecturo ; hut if characteristic fossils had b' 
found iu the deposit e, Seclion VI. . or g, h. Section Vil., vh 
could be referred to a certain part of the aeries of strata, 
would have been able to arrive at a more definite conclusion. 

We have evidence of another kind to yrove an upthrov 
Bumed that the vertical slate and conglomerate were found ai 
great a comparative height in the Pentlands, because they WM 
protected by the porphyry. But for two miles west of Bni ' 
Law, there is no porphyry, and for two miles more, only a 
trap, and this, apparently, of later origin than either the eongloB 
merate or coal measures. Every ■conceivable principle leads us ft, 
suppose that, when the conglomerate was forming at Mount Ma'i^ 
and Spiltal Hill from the waste of the vertical slate, the same pn 
cess nas going on at both sides of these hills. What then has tx 
come of the conglomerate which must have occupied Ibe place i 
the coal measures, which we now find in a deep cavity on the lou^ 
side of Spittul Hill ? The fair conclusion is, that beds of cDngl£ 
e corresponding to those of Spiltal Hill are lying at the bn 

es and calcifcrouB si 

n this. 




le vertical slate C 
iltal Hill, about on< 
id four hundred feet aboTA 



&,Thecongloinera 
ing the sanm. 

t; Part of tlie cavity iKfl 
which the caleiferous sand- I 
md coal measures lie, 
id as one or both thin off to 
estward, tlieir entire depth 
3^ here probably does not ei- 

ceed one thousand feet. 
d. The supposed prolongation of the cotiglo roe rale under the 
coal str.ita, at a deptli, according to this hypothesis, of one 
thousand two hundred, or one thousand five hundred feet 
below b.' 




z, A supposed slip or dislocation. 

The conglomerate is an older rock than the strata mentioned, 
, and, if it exists at all, mu&t underlie thcni, Supposing a slip or fault 
to exist at x, it follows that the liills have been raised, and the non- 
_lppGarance of the conglomerate behind Nine Mile Burn (Fig. 50, 
^Bge ISi,) is accounted for. If there is no slip, and the hills have 
jWt been raised, how are the facts to be eiplained ? There must 
[.jiave been a cavity here when the coal and inferior strata were do- 
r posited in it, and that cavity must hare existed before Ihe conglo- 
F (cerate was formed, or most havo been hollowed out afCerwards. 
k ^ the cavity existed before, it is obvious that a rock like the con- 
1. glomerate could not be laid down to the depth of several hundred 
leet at b, without filling up tlie adjoining cavitj c to the same 
I IfiTel. If the cavity did not esist before, but was hollowed out of 
L llie conglomerate and vertical slate, how can we conceive that the 
I'porlion lying in the sheltered cavity c, was swept away to make 
— «m for the coal strata, while the more exposed portions a, b, on 
.0 mountain top, were suffered to remain? The legitimate infer- 
'i, that when the conglomerate b was deposited, the cavity as 
w find it did not exist ; the rocks a, b, did not rise above the 
rocks c, d, &i they now do ; in other words, the cavity is the re- 
sult of a dislocation which has elevated a, b, or (what is less pro~ 
bable) depressed c, d. 

This argument is not dependent on the theory as to tho origin 
of the porphyries, proposed at page 181. In truth, without violent 
and onwarranted assumptions, it seems to me impossible to explain 
the relative position of the older rocks and liie cool strata here, un- 
less we admit a movement of elevation or subsidence. 
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what consequoncea 
We have shown that 
mass of the hills must 
have ascended twelve or SC- 
I hundred feet. Let us 
suppose them replaced in 
their original position, as in 
the annexed Ggure. Tha 
portion of the conglomerate 
d, will then be in a line with 
h ; but it is evident that the calcifcrous and coal stratac, must then 
have stood more than a thousand feet above the present summit of 
Spittal Hill; and since strata, consisting originally of looso sand 
and mud, could not havo been formed with their edges truncated ai 
in the figure, the necessary inference is, that they extended nortfa- 
ward over tlio hills, lu ahowu by tho doited lines e. Wo thuj 
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arrive at the conclusion, that tha coal measures may have originally 
cxtaoded across the hills at this part of the cliain j but aa the un- 
disturhed sandstones are not found at a greater height than nine 
hundred feet above the sea, the Pentlands must then have been 
lower by one thousand feet, or more, than wo now find them. 

One mile west of the locality just described, at the east side of 
the villag-e of Carlopa, we have the diElocation distinctly ehovm. 
The conglomerate is exposed to a gToat depth on the new road, and* < 
from EU1 examination of the upper part of the river, we know thai 
it is in beds dipping 8, E., anil whose direction is S.W. and N.I 
The strata of sandslone, shale, and limestone in the water c< 
below the village, (see i'ig. 6i, p. 157,) have very nearly the samen 
direction with a rather higher inclination, and, if no disruption had 
taken place, the one series should have been the continuation of 
the other. They arc, however, perfectly distinct and dissimilar, , 
though the truncated ends of the two series are apparently only 
divided by the bum, which has worn out a passage in the fissurs 
produced by the dislocation. It is evident, too, from the great . 
depth of conglomerate displayed here, that it originally extended J 
farther southward, and that its prolonged portion must exist beloin 'J 
the sandstone aii<i shale exposed in the water course. 

A little westward we have tha dislocation continued in 
trough-shaped valley described page 162, which valley is % 
nearly in Ihe same line with the fissure just mentioned, formintE'fl 
the water-course at the east end of Carlopa. ' The bed of trap'l 
which had once tilled the long valley, terminates at the village. I 
It was perhaps 300 feet thick or more, and was in all probability j 
the agent by which the rocks here were ruptured. About half a^ 
mile west from the village, the strata of sandstone and shale, whieltf 
rise in this direction, become large -grained and pebbly, and paid 1 
into the conglomerate of thehills, which is here found on the soutb 
side of the valley, (about t in Fig. 64, page 102.) The ioferenoa 
I draw from this is, that the dislocation here has shifted the tocki n 
through a more limited space, and that it increases in depth as we I 
go eastward. At Nine Milo Burn, for instance, the shift may hara J 
been 1200 feet; and at the point two miles westward, in the long' ^ 
valley, only IDO or 2(J0.' -* 

Nearly on a line with this, and two miles further west, wo havB 
the beds at Lyndale, (see Fig. 69, page 168,) not ruptured, but • 
bent very curiously from the horizontal position into one inclined 
at -25° or 30°. It may be fairlyinfevred that this took plact 
fame time with the dislocation at Carlups, and was the work of tha 



Hhsre-u™ wLyttie 


iLilft U laa Lere muj bs, llmt the ndjolnl 








SprjtlllspotnUnusLIKUllBtpilBPlM. Wli 




inningr iturtaialT Id [nFaar ot Mr L}cU'i 




row odnovenienu. 



I 



CEOtOCT. 



Did the coal measures at one time cover the porphyries of the 
Pentlands f — Evidence has been already adduced to show thai 
these rocka once covered the western part of the Pentlands, where 
the hills consist of conglomerate aud clayslate. But the coal 
strata are thin there, and the difference of level between the loner 
beds and the adjacent hilla is comparatively small. Farther east, 
towards Loanhead and Dalkeitli, these strata swell out to an ini- 
Eiense thickness ; and, as their surface is nearly of the same eleva- 
fion, ii follows tliat the cavity in which they are lodged must de- 
seend to a very great depth. The question, therefore, rests on 
niBaterially different grounds at this localit;. We have here to 
consider what the amount of displacement caused by the upheaving 
•f the hills is, and what would be the relative position of the por- 
phyry and sedimentary beds before it took place. Tlie best neani 
■me can find of estimating the displacement, would perhaps be this : 
'We'raay conceive the lowest sedimentary bed to have its side firmly 
Inserted into some accidental hollow in the porphyry ; so that, when 
fbe latter ascended, it would carry up with it the nearest portion of 
the sediniDntary bed, bending; it and all the superimposed beds into 
k curved form. If we now suppose the outcrop edge of the viaible 
bed nearest the hill not to have been truncated by denuding- agents, 
Imt to be in the position to which it was lifled — the undisturbed 
portions of the upper beds, at a distance from the hills also, to be 
'In their original position — and the two to be nearly on a level, 
irhich is not far from the truth — then the thickness of the whole 
leries, which we can measure across the outcrop, gives us the mi- 
nitnum of upward lift. The tilted beds of the coal measures, ac- 
■Bording to Mr Bald, are 2300 feet thick. If we add, by a very 
moderate estimate, 1200 feet for the caleiferous sandstones, we 
tavc a thickness of 350O feet ; and, according to our hypotbcMS, 
tiie eastern part of the Pentlaud hills must have been lifted up 
" lugh this space at least. The /(^ might be greater ; because 
lowest tilted beds may have been truncated to the extent of some 
FliuDdred feet j or the porphyry, after forcing a passage through 
the sedimentary rocks, might ascend, while they slipped downnaroi 
on its flanks, instead of ascending with it.* Let us now suppose 
the porphyry replaced in its original position, 3S0O fast below 
irhere we find it, and the sedimentary strata to stretch out hori- 
zontally, with their upper surface at the level of Fennycuick, about 
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000 feet above the exislinri sea. The present summit of the high- 
est porphyry hill, which is 1300 feet above Pennycuick, njiist Ihon 
have been ^200 feet below it. It follows that the upper part qf the 
coal strata might not oah/ extend across the hills, but miij/il cover 
them to the depth of 221)0 feet. The hf pothoBiE upon which this 
calculation proccedii, involves so many arbitrary elements, that tba 
eoncluaion deduced from it is not entitled to he considered as any 
thing better than a loose conjecture. I felt the insecurity of the 
ground, but did not wish to pass over the subject entirely. 

In the uiotenient which raised the western patt of the hills, the 
coal measures and inferior strata near Linton and Carlops, had 
participated, though to a smaller extent. It may be added, that 
fragments of sandstone are strewed over the highest purta of tba 
Pentlands. They are abundant ou North Black Hill, at an eleva- 
tion of nearly 1700 feet above the sea. 

Thougli the upward movement of the hilb has tilted the lowest 
beds of the coal measures and inferior strata, it has not aSccted the 
whole. It was shown at page 153, that beds of sandstone, very 
nearly horizontal, are found almost in contact with the tilted strata 
at Nine Mile Burn, and bearing tbo same relatioa to the latter 
which the formation c, in Fig. 70, bears to the formations a and b. 
The inference is, that the horizontal beds were deposited after tha 
upward movement took place. Mr Bald notices a " flat coal" in 
the eastern part of the Mid-Lotbian field, which he thinks had been 
deposited after the edge coal was tilted. Mr Murchison, I believe, 
also adopts this opinion, and has bestowed the name of " Roslyn 
sandstone" upon the deposit. Lard Greenock, however, whose 
judgment is entitled to much weight, considers the flat coal ai 
merely the upper part of the other. I have noted wbat I saw, and 
mentioned the deductions to which it led, but do not wish to ba 
held as speaking with confidence on the subject. If this upper 
formation is posterior to the last elevation of the Pentlands, iro 
may suppose that the Roslyn sandstone was chiefly formed out of 
the wrecks of the coal measures, ivhcn they were shattered by tha 
last upheaving movement. 

Professor Sedgwick is of opinion that the new red sandstone of 
the north of England had its origin in this way. " It consists," he 
says, " of sand, small pebbles, and other incoherent materials, 
drifted to the lower and outer edges of coal fields : even at this 
day it is at many places but imperfectly cemented, and it contains, 
though rarely, a few drifted coal plants. In tome districts it is 
perfectly conformable to the upper coal strata on which it imme- 
diately rests, and seems to form a regular link between them and 
tlie overlying formations ; but, considered on the whole, its posi- 
tion,. so far as regards the inferior strata, is discordant," He 
thinks also that the elevation of the carboniferous chain waa pro- 
bably the mechanical cause of this deposit.* Mr Sclabecbe adopt! 
* OeDloglcal TruuMtlnui JlBciin, VoMt. fU. 
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the same view. He considers the new red samlgti 
of the debris and detritus of tlio older rocks, produced 
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it upward movement of the Fenllands seems therefore to 
have taken place between the depoeition of the coal menaures and 
that of tlie Rosljn sandstone. Professor Sedgwick is of iipinion,t 
that the Lammermuir range was raised previous to, or during the 
formation of the old red sandstone. Of course, it should not havo 
disturbed the coal measures ; and this is consistent with my obscr. 
vatioDs at the few localities I haTo viated. 

According to the hypothesis iormerly proposed, (pag'e 179,) t'lo 
order of formation among the rocks of the Pentlands would be 
thid; — I. The greywacke and cluyslate, the origin of which it 
was not thought necessary to discuss. 2. The conglotnerate, 
formed from tlic detritus and debris of the preceding. 3. The 
porphyry, produced by successive eruptions from a .lubmarino cra- 
ter, and deposited upon the conglomerate. 4. The cntciferoui 
sandstones, formed from the detritus and debris of all the pre- 
ceding rocks — namely, the vertical slate, the congloraerale, and the 
porphyries, along with siliceous sand transported from a distance. 
5. The coal strata formed from the wasto of the sandstones — from 
that of such parts of tlie porphyry and conglomerate as might re- 
main uncovered — from decomposed vegetable matter — and from 
transported siliceous sand. 6. The Koslyn sandstone, foraietl 
partly of the wrecks of the coal strata, shattered by vpheavals of 
the Fentknds ; partly of the waste of the porphyries and congla- 
merates, which were probably now again largely uncovered. If 
the theory as to the origin of coal, given at page 1 14, be correct, 
the beds of the coal measures tnust have been sometimes under, 
and sometimes above water. 

Relative Aric of the Igneous Racks As the amygiialoida and the 

sedimentary deposits, mixed with the porphyries, seem to prove 
successive superposition, it follows that the lowest beds aru tbe 
oldest ; and the newest will be the rod or brown clinkstones and 
claystoneSj which extend along the south side of the hills from 
Hillond to Mendick. The traps are newer than the porphyriesi 
as ihey disturb rocks formed after them. The oldest of the traps 
is probably that of Carlops, which, along with distinct grains of 
augite, contains quartz, calcedony, and amethyst in veins, and bai 
in some parts the aspect of a clinkstone. It approaches, if it docs 
not belong to, the porphyry series. The bed of trap southward at 
Whtteileld, and tlie other at Dunsyre, are in the calciferou* aand- 
Etoties. Tlic vein near TorduffHIll disturbs beds of sandstoiu^ 
whicb are perhaps nearly as recent as the coal strata. The vein 
at Bevelaw being accompanied oidy by the claysliite, throu 
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which all the veins must have passed, we have no certain clue to 
its age ; but its character assimiUtes it to that kst mentioned. 
The traps of Achiiioon Hill, Corsion Hill, and Dalmnhoj Craga, 
probably belong to the same epooli. Wu can only say, that tbej'_ . 
have disturbed rocks nearly coeval with the coal. All these trapi I 
leem to be dolerites, ' 1 

It has been already remarked, tliat the trap rocks which present 
themselves at the surface, are rather the outward sign, than the 
actual cause, of upheaving movements. The trap veins and lieds, 
iherejbre, in the Peiillanjb, or on their JUiiiJk, were probably thrown 
out about the period when the great movement took place, by which 
the mass fif the hiBa pierced the coal strata, and rose above than. 
This was evidently prior to another great movement, which lifted 
the hills and the sedimentary rocks on both sides of them aborj 
the sea; fur the traps themselves bear marks of the action of water^ 

Since the remarks on the influence of the traps (page 101) w 
printed, new light has been thrown on this subject by the researc 
of Messrs De Beaumont and Dafrenoy on Etna and Vesuvini 
The former has shown, by a masterly chain of reasoning, faundfid 
on observations carefully made, that Etna ones its conical forn 
and vast height of 10,000 feet, not simply to the superposition of 
lava and fragmentary matter, stratum above stratum, but chiefly tO' I 
a movement of elevation from below. The mountain consists o^tj 
an outer cone of modem ejections, inclined at very low angles, sel- T 
dom exceeding 7° or B°, and an inner cone or nucleus, formed of i 
older ejections, which had been laid down originally tin plane* T 
almost level, but have since been raised into positions inclined at I 
25° or 30° to the horizon. In thia upraising, the rocks were fl«- 
Bured, the principal fissures being steUaform, or disposed like radii 
round a centre ; and through these fissures new eruptions took. 
place. The interesting fact which bears on the theory of the trap 
rocks is this — that an upheaving movement, which generally fissures 
the mountain, takes place independently of any emission of lava or 
tuff; that the quantity of these thrown out may bearaninsignifioaiit I 
proportion to the movement which tiicy accompany ; and that, in J 
fact, they are but incidental jets, or eitravasated portions of thd 
tumified mass below — signs, in short, of the activity of the upheaving 
power, but not affording a measure of its force or eifects.* The 
case of llio trap rooks seems precisely analogous. Their presence 
indicates that the upheaving agent has been at work ; but the 
quantity visible may be trifling, wliile the elovatory movement ha* 
been great. In another respect, the eruptions of Etna elucidato 
phenomena connected with the traps. Lava often fills the bottom 
of a fissure many miles in length, and penetrates to the surface at 
two, three, or half-a'dozen of points along that fissure, sproadin; , 
around each in a small bed or beJs. In like manner, we find ft _ 
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Berias of narroir beiils of trap, ranged aloug^ a. line, as If connected 
with Borae trough or fisaurp filleul with Ihe same matter, deep under 
the surface, (see page 90.)* 

Tno deep deSles exicnd across the northern part of the Pent- 
lands into Logan House vallej, and by it and Gleiicross form a 
comm'jnicatLon with the basio of the Esk. They aro at the enst 
and west ends of North Black Hill ; and it di'servos attention that 
the; occur at the junction of Ihe canglamerate with the felspar. 
Theona is Ihe ravltie I r, Fig. 54,and f, I'ig. 55, (pBRPs 146, 147.) 
The other is of the same form, and rather deeper. The latter pro- 
bably dcsconds 8(iO feet bulow the summit of the Black Hill. In 
Logan Ilonse valley, though the unequal citeDsion of the beds late- 
rally had furmed an original cavity, there is no doubt thut it has 
been subsequently enlarged. The burn flows in a trough-ibajied 
hollow, on both sides of which Ihe beds arc visibly truncated. This 
hollow, which is about 150 feet iiide, and probably 50 or IIK) deep, 
is tilled with gravel, on the top of which the stream has formed iti 
bed J but the hollow must have been cut out by a more powerful 
agent, namely, by tides or currents. Deep seas nre supposed not 
to excavate valleys, and it is probable that these defiles were cut out 
when the water stood only a little above the level of the hills, by 
tides and currents operating along lines of fracture produced by up- 
heaving movements. 

If the excavation of the two transverse valleys is due to the canHes 
supposed, tlie ancient ocean must have remained a long while at or 
□ear the level of these valleys, and traces of its action should be 
discovered on other parts at the same elevation. Not having at- 
tended to this point during my survey of the hills, t can say no- 
thing positive upon it. I content myself with suggesting it as a fit 
subject for enquiry, whether a cerialn correspondence of level maT 
not exist in those bare escarpments and abrupt declivities which 
every one must have observed on the north side of the hills j in 
other words, whether something like lines at aqueous erosion, in 
■Qccessive stages below one anotber, may not be traced, markiug 
tho longer sojourn of the ocean at certain elevations. We can do , 
however, expect to liud those traces very distinct. They must have 
been partially obliterated by the violent irruption of the waters 
which deposited the diluvium, and which necessarily left other 
marks oti the surface not uuw to he easily distinguished from Iho 
JirH, 

When tlie sea retired and left the lulls dry, the bum would bo- 
gin its excavation. It has cut a tiisure about eighty feet deep and 
two or three yards wide, in the upper strata of tho conglomerale. 
From the bottom of this the water pitches down almost perpeodi- 
Cidarly, funning a pretty cataract which undermines the rock, tt 
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u TKual eaU its way elowly bacliTTard. From the ouler margin of 
the rock, facing the gbeI, it has receded about fifty yards, hav- 
ing liollowed out a cove of this leiiglh, about lliirty-fivo yard* 
in depth, thirty in width at top, an d seven at bottom. This ia en- 
tirely the work of the burn and the atmosphere ; and if we knew 
Low much the waterfall receded in a century, we would have 
scale by which wo could eBtimalB the length of the period sini 
the hills were laid dry, and tiio stream began to flow. 

Fossrts, — I found two fossils in the grcywackc slate near Beer- 
hopefout, in the small burn marked g in tho map of tho hills, Thef 
* ' in niy posscssiun, having been sent for inspection to A 
"'-' - 't reluru them. Tlie figure on the margin repre- 
sents one of them. The shape is that of k 
truncated cone, and the specimen was aboDt 
an inch in length, and rather more than half 
an inch in diameter. It was considered an 
orllioeeratite by Dr Hibbert, and lias distinctly 
the charncterof that class ofshells. The other, 
which was thiD and about an inch and a half 
broad, seemed to consist of soveral cohering 
fragments, which had somo resemblance to 
parts of small trilobitcs. The orthoccratite ii 
B marine mi/Moi'n/ar or many-chambered shell. 
The animal lodged in a cavity at tho broad 
end. The chambers are simply air-vessels, 
and the shell is thin, its use being merely to 
float its inhabitant. A siphuocle or small pipe passes through ths 
centre ; by filling this with fluid, the animal, witli its shell, becomei 
heavier than water, and sinks ; by emptying the siphuncle, ths 
animal becomes specifically lighter than water, rises upward, and 
floats. The orthoceratite is one of the most ancient fossils. It is 
found among tJie schists which contain the first vestiges of orga- 
nized beings ; it abounds in the transition rocks, and is not found 
at a latter epoch than that of the coal measures.* 

The General Sections I. aud 11. connect the Lammcrmuir Hills 
with the Ocbils ; but for those who are not possessed of otiier geo- 
logical works, it may be convenient to have a general view of the 
structure of the great central volley of Scotland, and its relations 
with the hilly regions thnl bound it. This is oiLhihiteci in the an- 
nexed diagram, wliich is founded partly on my own obsermtioos, 
partly □□ information derived from other sources. 
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M, Moorfoot Hiili, * put 
ofthoLammennuir range. 
F, Pentlanil Hills. 

F, Firth of Forth, with tho 
J Irap (f,) of Corstorpbine 
§ Hill on the one side, and 
o Duuearn Uills on tba 

other, 
The first I northward of tha 
S Penllanda, rcprescnta tba 

a trap hills at Itatho. 

i L, Lomond Hilb. 
= O, Ochil HilU. 

G, Grampians at ihe High- 
land burdcr. 

S No prapise line has been 

^ followed, because tbo pur- 
~ pose was eimply to assomblo 
in one diagram Ifae ol^ects 
^ necessary to elucidate the 
■« relations of llie differant 
^ g rocks, and the order of bu* 
^ 1 perpostion. It may how~ 
*o ever be considered as correi- 
^ ponding generally with an 
_ . irregular line, passing from 
Howgate across tbu Fent- 
lands to Ratho, thence run- 
ning northward to West 
Lomond Hill, and then north- 
west to Glen-Altnond be- 
youd CriefT. To avoid com- 

I__ £ pleiLty, a multitude of minor 
c^ ^ = details have been omitted. 
" " J The northern part from O 
"^ to G, is borrowed, though 
not literally, from MrLysU't 
instructive Section of For- 
farshire, in tho Geological 
Transactions, Second Se- 

s,s, Arc faults at the two 
sides of Ihe Pontlands, 
marking the supposed fit- 
sures produced by tbelr 
upheaval. There are pro- 
bably similar faults on 
the Sanks of the Ochil^ 



but not having aEcertaiced their poeition, X hare not inserted 

Professor Sedgwick obserTca, that the mauntain limestone thinf 
off and sabdivides as we proceed from the central parts of £ng. 
land towards the Scottish border. The districts on this side of the 
Tweed, exhibit a similar progressive change. In the Lothians and 
Feebles-shire the limestone beds are thin, and benT an extremely 
small proportion to the masses of sandstone and shale which are asso- 
ciated with tb em. The aggregate thi-cknesa of all the badsis probably 
from sixty to eighty feet. In Cumberland the scar limestone alone 
is GOO feet thick, and the associated beds are 200 more, making a total 
depth of 800, or ten times the depth of ours.* In Fife, Mr Lan- 
dale estimates the aggregate thicliness of the limt'stone beds under 
the coal, at from twenty to forty feet. Northward of the Ochils, 
the upper beds of the calciferoua sandstones are wanting, and very 
little limestone is seen in the lower part. Dr Maccnlloch's map 
exhibits it only at one locality near Muthll, and there it is probably 
insignificant in quantity ; for most of the lime used in Perthshire 
is carted from Loch Earn, or imported by sea. 

Dr Maccnlloch may be said to have expunged the Mauntain or 
Carboniferous limestone from the list of Scottish formations i for in 
his map it is marked merely by narrow interrupted lines, never bj 
spaces of any breadtli. The coal measures and his old red sand- 
atone generally appear in contact ; and he says, expressly, in his 
Memoir (page B5,) that the mountain limestone is oilen wanting 
between these two formations. 

The group d is, perhaps, nearly one thousand feet deep in some 
parts of the Pentlands. Its existence betireen P and O is purely 
conjectural. In the neighbourhood of Comrie I estimated tha 
depth, from its junction with the schist to the flat sandstone near 
Drummond Castle, at seven thousand feet. Tho prevailing rock 
is ohiefiy coDglomerate. At Callendar the formation attains a 
depth of nearly ten thousand feet ; but tho conglomerate beds are 
mixed with others of homogeneous sandstone, which constitute pro- 
bably more than a half of the deposit. The outer parts of the schist 
at Loch Katrine and Comrie dip N.W., or away from the conglo- 
merate, which seems to rest on tbeir ends ; but this is no doubt an 
anomaly. The cotnmou dip, according to Dr Macculloch, is S.E.^ 
and it is so represented in the diagram.! 
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Depth of the formatiuna in litis disTriet 
compared wilh Ihoie of England. — The 
groDpB above theBoslyD sandstone, it hie !i 
form about three-fifths of the whole sedi- 

*^p mentarj rooks in EoglaDd, are entirely 
' wanting in this district, and indeed exist 
nowhere in Scotland, with the osccption 
of Bomo small patches in Morven and 
two or three of t£e Western Isles, and at 
Brora in Sutherland. Whetlier they never 
existed elsewhere, or after being fomiecl 
were swept away, is a question which geo- 
logists have not ventured to decide. 

Tlie section on the margin eshibits the 
whole series found in Scotland aiid Eng- 
land, in their order, and with their propor- 
tional depths. The shaded spaces repre- 
sent those which are found in both coun- 
tries, and the white spaces those which are 
wanting here, but exist iu England. The 
depths in figures on the margin are those 
of the Scotch rocks. Their aggregate 
amount is 5000 feet. The depth of the 

"^ corresponding groups in England, substi- 
tuting the lower part of the new red sand- 
stone for the Roslyn sandstone, is 4500 feeL 
It is the average, not tlie extreme depth 
that K here represented, and in this aver- 
age the Fife rocks are meant to be in- 
cluded with those of the Lolhians. 

I bave taken the thickness of the Eng- 
lish groups from the second edition of De- 
labeche's " Tabular and Proportional 
View." 

The thickness of the sedimentary rocks 
hero varies so widely, as to render any 
thing like a correct average impracticable. 
But the preceding pages have put the 
reader iii possession of the details ; and it 
would require more time to explain the 
grounds on which the depth in feet assign- 
ed to each group in this diagram was 
adopted, than the object would justify. 
The trap beds, as adventitious deposits, 
■re excluded. 




The alluvial phBtiomena are of four (ioscriptiona:—!. ThewastB J 
and removal uf portions of rock bj water, and marlta of abrasion l 
on tbe surface. 2. Deposits of claj, gravel, and sand. 3. Erratic^ 1 
blocks. 4. River channels cut bj- the streams. Tliese deser< 
much more careful study than I have been able to give tbeni.' 

The fautla of the coal strata supply us with striking evidence « 
the denuding operations of water on a grand scale. We n 
as an example Mr Bald's section of the Alloa coal-field. t 



Fig. 85. 




h, e, d. The present line of the surface, a being the shore i 

Alloa, and d tlic Ochil HiLU. The length of the line a, ^ 

rather exceeds six miles, 
fi, Tho position of the great south slip, or fault, which has railed' | 

the strata no less than 1230 feet. il 

c. The position of the great north slip, which has raised &aH 

strata 700 feel. 



When the upward lifts which produced these rents took plac 



is evident that the surface n 









a broken outline, of 
wliich tlie salient points were e,f, g. There must hare been an 
eminence at g, presenting a profile like Satisburj Crag, having a 
sharp crest, and a steep precipice facing the south, of &ve, six, or 
seven hundred feet in height, measured across the plane of the 
beds ; that is, an elevation equal to that of Arthur's Scat above the 
King'H Park. A Eimilar ridge must have existed aXf, having nine 
ur ten hundred feet of vertical elevation ; and there must have been 
a third rounded swell of uncertain height at e. Now, the whole of 
these vast masses of rock, extending over a base of ui miles, from 
the Ocbila to tlie Forth, have been swept away ; and, instead of 
the serrated outline e, b,f, c, g, d, we have the slightly undulating 
line a, b, c, d, which, with its covering of clay and gravel, com- 
pletely conceals from us the marks of those mighty convulsions 
that (liBtnrbBd the rocks below, and are brought within our knaw- 
ladge only by the labours of the miner. The matter removed in 
tills single locality, must be nearly equal to the part of Pentland 
Hills east ofBonalloy Ponds. Had a few thick beds of trap been 
intermingled with the fragile coal strata, a much larger portion of the 
latter would have resisted the denuding action of the tides or cur- 
rents which removed them, and the surface would have been more 
imeven. So numerous are the /aulls which have raised one part 
of the crust of the earth and depressed another, that a squaro 
league, it has been supposed, oannot be found in England witbont 
LjDch dislocations.* Now, take the case of a vast area like the 
I jriaia of the Mississippi, stretching a thousand miles iu each diree- 
^non, and fractured into ten thousand portions, some of which have 
Mn raised, and others sunk, from one yard to a thousand : cos- 
re the incredible inequalities its surface, thus fissured and shifted, 
at have presented, and that all these have diuappeared, and in tliur 
m we have a remarkably uniform plain. A little rejection on 
se facts, will convey an idea of the gigantic process of waato 
d denudation by which so many asperities have beeu obliterated, 
|,:Md the surface worked into' the slightly undulating form it pre- 
That water was the agent which effected the change, is 
graved by the enormous deposits of clay, sand, and gravpl, seal- 
red over the surface, or tilling up the yet remaining hollows of 
e rooks, and by the thousands of water-worn boulders found in 
BiUiete deposits, fifty or a hundred miles from their original locali- 
ties. It is scarcely necessary to remark, tliat thougli the disloca- 
tions took place at very different epochs, this does not affect ihc 
argument. 

It has already been shown, that strata belonging to the conglo- 
merate CBlciferous Bandstoncs, and coal measures, have been swept 
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away to the deptb of 1000 or 2000 feet from the summit and sides 
dI' Petilland Hills, uiid from the Iq-w country betweeu MusaelburgL 
and Linlithgow. Thciie ba.ve disajipeartid ; and the fact that thti 
Btratified rocks rise lo a (iooaiderahle height here only when they 
me protected by masses of trap, indicates with sufficient clearneVi . 
that the cxistiiig inequalities are dne to the violent removal afyut-' 
quantities of matter. This is strikingly shown ,iu the section pr^< 
vioualy given at page i»Q, to whlcTi the reader is referred. Thft ■ 
denuding agent has acted most energetieally in the channel of th» 
Firth, where the naked projecting traps of Inch-GarTey, Inclu 
Colm, Cramond Island, and luch-Keilh, with Fidra, Craigleil^ 
and the Boss, divested of the sedimentary envelope which oneA 
covered and environed them, stand forth as raunumeuts of its 
power. When we find that thia cliuQnel baa been hollowed ou 
double its usual depth (thirty-sevea fathoms) at Queensfeny, whsw 
the free passage is contracted by trap hills and an islet to thrift 
quarters of a mile in breadth, we see the raaaon why valleys should 
be deep in proportion as they are narrow, and why the flanks of 
hills standing near one another are often so sharply cut dowu.* 
We perceive, also, that as tides can effect such changes, we shouU 
not unnecessarily call in the action of debacles or oceanic currenCSl 
We have here, too, a key perhaps to some singular facts presenteo 
by certain lakes and estuaries ; that Loch Ness, for instance, is ab. 
sulutcly deeper than the German Ocean ; and that some parts of the 
bottom of the river Amazon, are lower than that of the sea i 
which it discharges its waters. 

The summits of tliePentland Hills are in general swept bare and 
clean. There is no coating of clay, and the stones visible arfr 
usually portions of the subjacent rock, loosened by weatheringt 
while the heavy travelled masses are found on their declivities: 
in the valleys. The chief exceptions, so far as I remember, are 
fallowing : — Carnethy has on its suinniit a great pile of stones, cot 
lected, it is said, for the Beltane Area in ancient times, and evidently 
torn up from the rock below. North Black Hill has a covering of 
clay mixed with gravel, of wbicb ninety parts in the hundred belong 
to tlie subjacent felspar. Along with these are seen, on the eait 
end of the nil!, blocks and small pieces of sandstone, fragments at 
conglomerate, and a few travelled boulders. Above the gravel is & 
covering of three or four feet of peat, which is wanting at the east 
end. West Kipps Hill , which has been cut into the form of a shar^ . 
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cune, is itself an admirable Bpecimen of diluvial action, (see Fig. 57.) 
Ill tlie west branch uf Chapel Buru, in North Black Hill, (at 14 in 
the map,) there are fragments of sandstone up lo ten Ions in weight, 
and a bed of soil Shy or sixty feet thick. This is simply because 
it forms a deep and sheltered cavity. The soil and gravel on the 
summit of North Black Hill, Eeem to be derived chiefly from the 
decnmposition and djsintegralion of the felspar rock, the debris of 
'which are found at the north foot to the depth of lifty feet or more. 
The few fragments of sandittoae mixed frith the debris, may be 
remnants of the beds -which we have reason to believe once covered 
it, or may have come from Hare Hill or East Oaim after the ori- 
ginal covering waa removed. The small patches of conglomerate 
on the west eud of this hill, are unquestionably remnants of a bed 
which once extended over a great part, if not the whole. The 
conglomerate seen at the north end of Bclld Hill is probably a por- 
tion of the same bed. In Logaaliouse valley, at many points deep 
deposits of soil and gravel are seen. At the Compensation Dam- 
head, the true bottom or water-worn cavity in the rock, was found 
to be about filly feet below the surface of the Hlluvial gravel which 
previously occupied the water-course. On Allermuir Bum, the 
deposit uf soil is probably IDO feet thick. This fact is instructive. 
It is a wide open valley, descending from the N.E. and openinor to 
the S.W. If ws fluppose a current flowing from the W. or S. W., 
it would find no outlet on thoeast here, till it rose 300 feet above 
Loganhouae valley, and, being checked in its course by the eastern 
barrier, the clay and gravel it bore along would be deposited in thii 
cavity, whicli is merely the eastern portion of the valley just meu- 
tioned. No valley in the hills opening to the E. or N.E. is filled 
with soil in this way. 

In the low ground about a mile from Linton, Westwater has out 
a channel 500 feet wide and 100 feet deep, through a bed of gravel, 
of which perhaps less than one-half of the thickness is displayed. 
This gravel has some sand mixed with it, but almost no loam or 
clay, and consists chiefly of transported stones, of which tho greater 
proportion are sandstone. There are but few of tho rolled masses 
of conglomerate. It forms a l;Lrgc ailnvial plain, covering all the 
rocks in the bottom of the valley. We see here the debris of man; 
large beds originally existing to the westward and northward. 

Tailn of Alluvium on East Siiiex of HHIs. —Tlio deposits of gravel, 
or gravel, clay, and sand, are numerous and deep in the basin of 
tho Forth. In general, they occupy natural cavities in the strata, 
or they are found on the eait side of projecting masses of rock, 
forming tails to them, or long round ridges. The large bed of 
clay auil sand extending from Edinburgh to Granton anil Nevr- 
haven, which has been pierced, it is said, to the depth of one hnii- 
dreil foct in the Botanic Garden, I consider as tlie tail of Corston- 
pbine Hill. It is furrowed with three small valley!!, nearly 
which are delineated in Knoi's map of Mid-Lothliui ; 



and there are three indeiilatlons in the lino of the ridgei through 
ithich we may sappofo thu currents to have passed which scooped 
out these Talleys. Their direction is procisely parallel to the 
ridge of the High Street, and the corresponding vallejB of iha 
Cowgate and North Loch. The trap hills at Ratho (eight miles 
west from Edinburgh) have a similiir tail of clay on the east eide> 
wliich is also cut into subordinate ridges, corresponding to breaks 
in the line of the hilU. The clay iu these deposits is full of largo 
boulders, up to tun or fifteen tons in weight, and generally rounded. 
Among them are seen a few of primitive rocks derived from tha 
Grampians. The large blocks seen on the beach eastward and 
westward of Leith, have not been rolled from a distance by the 
present sea ; but ant the wrecks of this bed of clay, large portions 
of which have been nndermined and washed away by the tide, 
leaving these heavy masses behind. In proof of this, it will ba 
observed that whenever a low sandy shore occurs of considerabls 
breadth, as at Portobello, no boulders are seen ou the beach ; but 
where tiie stiff clay occurs close to the sea, the boulders present 
themselves. 

On the Dalkeith railway fine sections of the alluvium were, 
displayed at Whitehill Mniiis, three miles S.E. from Edinburgh, 
at the viaduct on the North Esk, and at Dalhousie Mains. I had 
the advantage of examining these sections in the company of Mr 
Jardine, the skilful engineer who conducted the work, and to 
whom I am indebted for most of the facts. The cut at WhiCehilt 
Mains was thirty-five feet deep ; the others about twenty. Th* 
alluvium, a. little farther south, consisted of three portions. 

1. The lowest, which reposes on the rock, was an extremely 
stiff black or bluish clay, in which were thickly interspersed rolled 
stones of all sizes up to four or five feet in diameter ; but tfaosa 
exceeding eighteen inches were not abundant. The lover bed at 
Whitehill Mains was about twenty-four feet thick ; and the stonw 
were pretty equally disseminated through it, both as to sise and 
number, from lop to bottom. This deposit, for distinction's sak^ 
1 have termed diluvium. The usual nama is " older alluvium." 

2. Above this is a bed of clay, a little redder in the colour 
much looser in the texture, having fewer embedded stones, and 
these more angular. The two beds are not parted here by a dis- 
tinct bouudary ; the one seeming to pass into tlie other ; but lh« 
pickmen employed on the work, could well distinguish them by 
their great difference in stiffness and tenacity. In other casus, 
however, the line wliich separates the one from thi^ other is well 
marked. This has been termed the " newer alluvium." 

3. Above the upper clay is a bed of sand, which is almost 
always in strata, sumctimes curiously contorted; it is generally 
free of stones, but sometimes acconapunted by layers of fine gravel, 
ur streaked hy byers of carbooaceons matter, and occasionally 
passes into clay. This sand exists to a great depth on both side* 
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of the Water of Leilli (it CanaDtnills. A beautiful section of it 
wiis eiliibitud this year on t!ie lino of tlio Newbaven railwuy. 
It forms an arch over tlie top of ilie ridKO east of Warrialon 
House, showing- strata dipping' south at 15° or 20° on the south 
siile, and otliers dipping aorth ou the north side. The strata itre 
from a tuot to a few inches in thickness ; they display the diagonal 
lamination ; and some of the lacnince composed of coarse sand, are 
almost vertical, a position they could not have had originally. 
This arched bed displays, within a space of fifty yards, a series of 
faults, which closely resemble, an a small scale, those found in the 
coal strata. It rests on the diluvial clay, and extends along the 
high ground to Newhaven, but thins off to a depth of one or two 
feet. Not a single shell, great or smdl, has been found in it. 
All the tbree beds, the stiff clay, the softer clay, and the sand, are 
seldom seen at one place: the upper is only found in patches, the 
remains, no doubt, of a much more extensive dcpoBit. From tlie 
appearance, composition, and arrangement of thesu beds, several 
inferences may be di'duced. 

First, Tho entire want of stratification in the lower and midillo 
bolls, their general uniformity from Cop to bottom, and the 
absence of intercalary layers of foreign matter, lend us to conclude 
that they were deposited, perhaps noi,\ery rapidly, but by one un- 
interrupted operation. 

Secondly, As the ulluTinoi is found at considerable heights, the 
volume of water which deposited it must have been deep. None 
of the diluvium is visible in Loganhouse valley, but it is seen in 
Eight Mile Bum, at the height of probably seven hundred feet 
above the sea, and I met with it portion of what seemed tu be the 
simo deposit on Weslwater of Dunsyrc, about one hundred feet 
higher. 

Thirdly, It must iiavo been in violent motion, since it has hurried 
along masses of ten or fifteen tons weight from a, great distance, 
and worn the smaller ones round and smooth by friction agsunst 
<ine another. The roiled masses are chiefly of trap, bard lime- 
£toDe, or other tenacious substances brought from a distance; while 
the sandstones and shales derived from rocks existing at llie spot, 
are fractured into small pieces, or ground to powder. 

Fourthly, We biivu curious evidenee of the motion of the waters 
being protracted for a certain space of time. Bloclcs uf three or 
four feet in length, were found sticking in the clay, with the upper 
Biirfuce, and sometimes the two flanks, beautifully grooved and 
dressed, while the ends or under surface were rough, or exhibited 
a vi^ry slight degree of smoothing. Many examples of this were 
I'oiiited out to me by Mr Jardine. It shows that, after being 
tumbled for some time in the water, they had settled into the day, 
and whilo [heir lower part was held fast, their upper surface and 
flauks being still uncovered, were abraded and smoothed by the 
•tones and gravel whioli tho current rolled over them. H follovs 
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tliat t1ie space oi time in which a foot of clay or less, was deposited, 
was long enough to permit thia dressing to be executed on thesiir- 
face of a bard stone. 

Pifthly, There was a certain correspondence in the direction oi 
the scratches and groovings on the large stones, whicii from th^ 
Bize, it might bepreaumed, had not been ehifted: thedjrection varied 
through four or five points. In the alluvium at Wbitehill Maiii^ 
-which I consider as the tail of CragcDiUar Hill, it was about oiM 
point north of east. At Glcnesk and Dalhousie Mains the bearingr 
varied from N.E. to N.N.E., coinciding generallj with the conn* 
of tho basin of the Edk. I did not see any dressings on large stone* 
pointing N.W. and S.E. As the sand and fine gravel exhibited 
etratification, it must have been formed in a body of water either 
stationary lilie the sea, or only in a state of moderate motion .' 

Near Alloa, Mr Bald found the newer alluvium to have a iJt ck- 
ness of ninety feet, and the older alluvium no less than one hun- 
dred and sixty two feet. In the latter no remains of shells or 
plants are found ; but in tlie newer alluvium, oyster, cockle, and 
mu9scl shells occur, with trunks aod branches of trees, stag-boms, 
and bones of animals, t 

In the plain westward of Bdinburgh a deep deposit of sand and 
gravel exists, extending over a space of four miles by two, from 
tlie Water of Leith village to Milbum, and from Slateford to Cor- 
atorphine Hill. The average height of this plain must be ftbont 
two hundred feet above the sea. At several openings between 
Edinburgh and Gorgie, the sand and gravel are to he seen with 
the usual stratified appearance, and mixed with layers of carbona- 
ceous matter derived from decayed vegetables. In tlie ravine from 
Bell's Mills to Coltbridge, the clay and gravel exhibit a depth of 
nearly one hundred feet. In tile gravel near Gorgio, Mr Ross 
has fouud pieces of primitive rocks. This plain must Iiave formed 
at a remote period the bottom of a lake, or rather a broad currenl, 
covering the wliole valley. We may suppose tliat the waters at 
first flowed over their eastern (that is, their lower) boundary at 
many points. Finding, perhaps, natural Assures, occasioned by 
dislocations, at the two sides of the Oaslle, and at the Water of 
Leith, the current would bo determined to these localities in pre- 
ference to others. At the latter it would pour over the height 
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behind Aiiislie Place, forming: a cataract below St Bernaril'a Well. 
This catursci, having a. fall of one himdred feel, and bearing: f-ioag 
eand, gravel, mid large etonea, would eat its way backward through 
the strata. Wlien the great current ceased to flow, the Water of 
Loiih would begin to oporate, and, in the lapse of some thousand 
je^irs, would work down it* chanui'l to the nearly nniform declivity 
which it now eshibits. Another portion of the great current 
wiuding aJong by Whitohouse Toll, and through the hollow behind 
AthoU Crescent, escaped by the North Loch, and & third by the 
hollow of the GrasHinarket and Cowgate, Taking these pheno- 
mena in connexion with others, it does not seem that they mu be 
eiplsined by the action of the small river which now crosses the 
plain obliquely. I should railier consider tham aa the effect of an 
iiceanic current, in its last and lowest stage, setting across this part 
of Scotland ; or of a succession of great waves or transitory deluges 
in the Atlantic, such as Sir James Hall assumed to account for the 
gruovings on Corstorphine Hiil ; or of tidal action when the sea 
stood over this district. But the absence of marine remains, and 
the tail of newer as well aa older alluvium found on the east aide 
only of projectiog hills, are arguraenU against this third bjpo- 

Groot>iag$ and Dreuingn on t/ie Surface of Bode.- — In the valley 
of the Forth, wherever rocka of a kind uot much 6asured or liable 
to disintegration are exposed for the first time, the surface is foand 
to be grooved or scratched, and the prominent ports are ground off, 
as if the rock had been subjected In attrition by the pussage of 
hard sioaes over it. Sir James Hall first called attention to this 
instructive phenomenon. He had observed it on the back of Cor- 
storphine Hill ; and to obviate iill doubts as to its origin, he got tbu 
turf removed from a portion of the greenstone forming the nestem 
slope. I suppose this to be t!i& area of bare rock known by the 
name of " Pkinslones," a littlo north-west of the old turret. The 
surface, twenty or thirty yards square. Is beautifully dreeaed aad 
grooved. The rock dips to the west at 10° or 12°; the mark- 
ings run oast and west, and have evidently been produced by the 
attrition of stones and gravel, forced up the inclined plane by a 
current of water. The groovings are of many sizes, and all very 
nearly parallel. I noticed one three feet in breadth, and six or 
eight laches deep. Many may bo seen about the breadth of a 
man's arm, but ihey are deeper in proportion than the large ones 
wlien they run along natural fis^sures, as sometimes happens. The 
_ jpaces not liollowed into grooves, are either wuru smooth ordisphiy 
m .Sao parallel lines or scratches, to which Sir James Hall has givan 
m flhe name of Jirtsiings. The direction of ttic groovings, according 
k U Sir James Hall, is not directly to the east, but about 10° north 
of east.* lu wandering over the western declivity of the hill, I 



found the surfiice esposed at twenty or thirty places, and invariably 
observed tbo groovings or dressings. As I'lirther ovidtMice of the 
agency of a current setting eastward, I may remark that I did 
not see a singie large boulder on the western declivity [ but the mo- 
ment the crest of the ridge is passed, tumbled blocltB of Tarious sizes 
present themselves np to ten or fifteen tons weight, lying' at differ- 
ent heights on the eastern slope. Many of these bloclis are of the 
rock of the bill itself. Amongst its beds there is one of a large grain- 
ed syenite, easily distiiiguishablo from any other rock in the coun- 
try. Fragments of this are seen oti the shores of the Forth, at ten 
miles eastward, and rounded masses of it, one or two tons in weight, 
were found in the diluvium on the line of the railway from Edin- 
burgh to Newhaven. I have never seen a single water-worn mass 
of it to the westward. 

There are few opportmiities of observing the groovings an the 
Pentland Hills. I noticed them, however, in one instance at "West- 
water of Dunsyre, on t(ie top of a thick tied of hard sandstone, front 
which twelve or fifteen feet of alluvium had been removed. Tha 
dressings pointed exactly east and west ; and the evidence was tha 
more satis I'actory, as the direction of the stream on whose bank tha 
rock was situated, and of the valley in which the stream flowed, waa 
S. and N. Tliey were very distinct, the larger groovings bein^ 
about one and a half Inch broad, and three-tenths of an inch deep; 
The locality must bo 800 or 900 feet above the sea. The differ- 
ence betwist the older and newer alluvium was well seen hero. The 
upper was of a loose clay, the fragments numerous, nearly all sand* 
stone, chiefiy angular, and some of them tliin fragile plates, whieh 
could not have been transported mure than a very sliort distance; 
the loner of a stifl' red clay, the fragments few, small, well rouud- 
ed, and chiefly of travelled stones, such as greenstone ; and the two 
were separated by a sharp well-deiiiied boundary. 

At the west side of Cragmiliar Hill, a quarry of hard sandstono' 
was opened about m'25 to procure stones for the "Water-works. On 
the newly exposed surface, Mr Jurdine painted oat to me the 
dressings very distinctly marked, in lines running nearly east and 
west. I have seen marks of attrition on the top of Cackleroy, the 
highest of Torphichen Hills. The rock consists of trap. In pretty 
large columns, closely fitted ; their heads are every where rounded 
off and smoothed j and slight groovings, four or five inches broad, 
may sometimes bo traced for a length of three feet in an east and 
west direction, by an eje familiar with these markings, though the 
rock, from its numerous seams, is very ill fitted to preserve and 
exhibit them. In another res])ect this hill affords a fine example 
of diluvial action. Though the bed ot trap dips to the west, and 
might have been expected to present an escarpment on its east 
side, the case is just the reverse. The sedimentary rocks have beeo' 
cut away entirely from its west side, while a remnant of thom 
exists at itsS.E. ehoulderj forming an isthmus like that which con-^ 
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neclB the Caslk rock of Edinburgh wllli the ridge under theoM town, 
anil plained exactly in an anula^ous bitualion. Tt is -vrorthj of 
observation that ihis \s aiso the form of Corstorphine Hill, 3iid of 
the hill on which Stirling and its castle stand. What I wish to note 
IB the fact, (hat the northern end of the rock, whether trap or sand- 
«tone, b much more abraded and worn down than the south, and 
that the portion which has suffered least is, in each case, at the 
Bouth-east angle. This is one of the circumstances which seem to 
ine to indicate the distinct and independent action of two great cttr- 
rentB ; the first from the north or north-west, which cut down the 
north side of prominent rocks ; the second from the west, to whose 
protracted but less violent operation, we owe the phenomena of 
Crag-and-Tail, ns seen at Edinhiirf^h and in many other localities, 
where a steep escarpment is presented to the west, with a tail of 
soft strata, soil, and boulders to the cast, and deep sharply-cut longi- 
tudinal valleys on the north and south flanks of the resisting mass. 
MrDelabcche has collected facts to show, that in England, Germany, 
Poland, Bussia, and North America, there has been a moverasnt 
of waters from the north to the south, transporting with them frag- 
ments of rock.* Having this evidence of a northern current from 
a distinct source, the facta I have noticed, thongh of tittle weight 
considered by themselves, seem to me entitled to attention. I have 
seen marks of abrasion also on the traps of Gloiirourem or Earn. 
cath Hill.t (between Linlithgow and Borrowstoness,) at Craig- 
leith Quarry, and at various other localities- The direction of the 
dressings or gronvings always corresponds to some extent with that 
of the valley of the Forth. 

Sir James Hall observes, in his paper on Corstorphine Hill, that 
though the indications of a current pointed in a westerly direction 
at Edinburgh, he found them nearly N.W. at Torwood near Stir- 
ling, and also at Pass Castle in Berwickshire. Judging from th« 
configuration of its channel, the Firth of Forth seems to 'exhibit 
traces of three excavating operations, proceeding in different direc- 
iiaiiB — one in a S.E. direction, as shown by the line of the shore 
)h>m Stirling to Borruwstoness, and by that from North Berwick 
te St Abb's Head — one in an east direction, corresponding with the 
Sue of the shores fVom Borrowstoness to Leith and Petlycur, iii- 
tteated also by scratches on the roeks, and by the phenomens of 
«rag-and-tail at Edinburgh and North Berwick Law— a third in a 
V.E, direction, as marked by the line of shore from Pettjcur I0 
Largo, and from Musselburgh to Dirlelon Common and F^ 
ith the course of the Firth of r 
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and the central vatley of ScotlantI, bouoded hy the Grampians on 
the one side, and the greywitcki ahain of the soath on llie other ; 
and, I rather believe, must bo referred to the general hearing of ^ 
the strata, and of the lintij of disturbance, than to tlio erosion of 
tides or primeval currents. Of the two supposed currents, tliat 
from the west roust have heon posterior to the other, since we find 
the marks of its action on the alluvium and on prijjeciing roulc^ 
nhich we may presume had been previously operjited upon by that ' | 
from the N.W. 

In examining the trap rock on which Stirling' and its castia 
stands, it seemed to me to exhibit very distinct marks of the action 
of a powerful current from the N.W. — marlis of a kind unnoticed 
by Sir James Hall. The annexed diagram is a ground- plan of tha 
isolated hill on which the town stands, and which rises on tho west 
eide from 130 to 300 feet above the surrounding plain. The Figurg 
is drawn from memory, and 'n far from correct. 



T, T, The site 
oftlio town, and S 
that of the castle, 
on tlio south most 

x,i/, Hollows on 
the two flanks of 
the rock, sharply 

Icviil. 

a, b, c, d. e. 
Ridges into which 
the mass of trap is 

a is divided from 
6 by a groove or 
channel about 80 
feet deep ; 6 from 
c by a channel 20 

^(feet deep i c from 

d, and d from e, by channels of 50 or 60 feet. The portions of 
rock tlius separated are long and narrow ; tiio smaller have the 
fish shape, or that which a mass of clay or soft stone assumes when 
exposed to erosion by a brisk current of water ; and their axes all 
point to the N.W. We have every reason to believe tliat the sur- 
face of tho bed of greonstone was not originally grooved in thii 
way ; and when we seek for the cause of the form it lias assumed, 
tbo current from the N.W. , of which we have indications other- 
wise, presents us with an appropriate agent. Tho direction, too, 
agrees with that of the dressings noticed by Sir James Hall in tlw 
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il portion of Ae wfiiiwMaiT itnta vkid < 
I, covering its flank* and ■ami 
now TwHite il found under I „ 
r part of the ilf^p aediiity whiefa froBls the H.W^ tbn trap 
I Imtid^ iCTTcd, as maal. lo protect ihe Goftcr ncklL Hie Inp is 
, and ils nnmeroos Tertical figures ibdsi hare bcOitatcd 
tToiite action of the cmmit. The plain b wide to tbe west- 
I, and cDDtracts here to s tort of gorg^ id tbe middle <^ wliich 
L Ac bill riict op like an idand, and mnst bave aclMl as a breikwaler 
I to a eurreDt from tbe ii.Vf. The trap is in beds wfaicb dip to east 
IwolMbljat ]0°, as indicated bj the airoir. Tbe part foTTOwed 
ySj lonr efaannels at b, c, d, e, consists of the loner beds. The 
|. VP^' oaA been prerionslr rem oved by the same a^nt ; for imdrr 
\ Ti T, tbs greenstone a mncb thicker, attd the castle S. ai well as 
■ flw upper part of tbe town, ceem to me to stand on the truncated 
^flldl of the beds. 

We have an example of tbe Rame kind in a conspicuous small 

kfll about four miles sonlli-east from Linlithgow, called Bim^ 

\ Orag, of whtDh the diagram belo»- '--- 



Fig. 67. 




Tbe era?, which runa south and north, is nearly straight, about 
half B mile in k'ngth, fwcnty feet brond at the north end x, and one 
hundred and forty at a, near the south end. The general gnrfacv 
of the coutilry w, n, a, rises probably three hundred feet from the 
north end m to the south end &,. The whole ridge, which is com- 
fotei of basalt, or basaltic clinkatoiie, presents a vertical cliff to 
the west, varying in height from six or eight feet at j*, to two hun- 
dred at a, above the bottom of the narrow valley at its foot, 

Tbe iDuthcrn part of the ridge has been separated into aeven 
^itinet hillocks, by channels cut across it from west to cast. 

The channel between a and d is about ten feet deep, measured 
from the top of d. It is only a small indentation. 

d and e are separated by a. ravine about sixty feet deep, i iJ 



Mghly wide, 

c and/ aro saparaled by u r; 



e about fifty fuct deep a: 
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TliB hoUow between J anil g ia about twentj-flva feet deop aod^ \ 
thirty wiJe, that between a and b descenda probably forty fest j 
bdow h, and one hundred below a. That between b and c 
ruthec iima.Uer. 

Tbo hillucks are joined at their bases, the wlinle from e t 
being' one cuutinuous mass of trap. The iidea of the li 
hollows are generally stoep, and frtse of protuberant parts, and tlw J 
bottom is uot much encumbered by debris. The ridge is thin an' ' 
sharp, its eastern side generally declining at an angle of 30° or 35 
and each of the channels passes across it at one level, or nearly si 

That these transverse channels laavo been hollowed out for thft'l 
greater part by currents, is proved by the fact, that though tlw I 
slate clay is luuiid equally on the back of the high crags and tlw I 
low, yet none is seen in tlie bottom of the channels. 
trary, in one or two cases we find the truncated ends of the strata "I 
of slate clay exposi^d on the sides of the hallow, resting on the bac^ 1 
of the entire p.irt of the trap, and showing that the water had cof] 
a passage through both rocks. It is very probable, however, IhsE 
natural depressions existed originally in ihe trap at these hollows, J 
.and favoured the action of the water. A second and very sigui9>« 
caut fact strengthens our conclusion. The surface of the country's 
to the westward of the ridge forms a smooth and pretty uuifonn ■ 
acclivity, rising to tlio south. It is represented in the section lyl 
the line m, n,o. The north end of the ridge p, jr, isonalevel witb.j 
the surface, or perhaps rather below it, while the south part g,Ct ■ 
prigects boldly above it. Tbo north end, iu fact, would escape the 1 
erosive action of a western current, in consequence of its low and 1 
protected situation. Hence, though the skte clay has bean'] 
stripped off, the portion of the trap denuded ia very narrow, quitorl 
sharp, and scarcely broken by the slightest indientation. Thai 
south division, on the contrary, rising in bold relief above tlia.| 
general level, would be strongly esposed to the act 
J'rom the west. Here, accordingly, we find that deep chan 
have been worn across the rock, and much matter removed. J 
speaking generally, we may say that t/ie mnount qf erosion 
denudation is in proportion to tfie prominence of the rock. The di-*) 
rcctiou of the transverse channels is very nearly east and weBt.>l 
Proofs of denudation meet us every whi^re in this district ; bi~ 
tlie value of the two just given, consists in showing us the dlra 
tioti of the denuding current. 

I may add, that the Guinmits of all the hillocks are swept cleui, 
and are generally a little rounded and somewhat smoothed, while 
the top of the northern part is sharp and angular. The slate clay 
is always found on the slii^lter&d eastern declivity, and never 
ascends Co the top. A few boulders or travelled stones of small 
size are to be seen on the east side also, but none 
and none in the transverse cliannels, where the current would, 
course, have a free sweep. 



CraglocMiart Hill (three miles S.W. from HdinburBh) affords 

, iflne eiample of Crag-and-Tail. It is a sharp riJge liltB that on 

which the old town of Eilinburgh BtandE, perfecflj straight, about 

' 4000 foet in length, by SUU or 400 in breadth, nnil points exactljr 

ust and west. It declines gradunllj in height from Iho nest eod 

^ the east, so that the hack of the ridge forms ncarlj a Etraiglit line. 

k^^Tfae tail or eastern portion, vhich consists of sandstone, has been 

T'eot into a. saddle shape, and is beautifully rounded, and covered 

ririlh soil. The western or higher end, consists of several beds of 

■'ad and bluo trap and traptuff, which present themaclves in angular 

fotuberanccs, stripped almost hare down to liie very bottoni. 

fo have, in short, a, rough high protecting head of trap, and a 

■nooth rounded tail of sandstone, probably mixed willi shale. 

^■■ftghouse Hill, which is only sepsratod from it by a narrow de- 

>, presents slinikr phenomena, but in a less striking form. The 

Is of Craglockliart Hill dip TV-N-W. at 15° or -lO'. 

riie cases now detailed of deposits of gravel and clay, of grooT- 

^B on the rocks, and of denudation producing Crag-and-TaU, are 

I^Veu merely as ezamples of phenomena found in abundance all 

^'9Ter the basin of the Forth. 

; Blocks These are masses of rock transported to 

I distance from their original seat. Most of the rolled stones in 
9)e older alluviums belong, strictly speaking, to tliis entegorj ; bnt 
it is only intended to notice the more remarkable specimens. These 
"ravelled boulders are important in two respects i first, as indicating 
be action of currents or other transporting agents no lunger ope- 
rating ; and next, as illustrating changes which hate taken placa 
lently to their deposition in the spots whore wo find them, 
e Pentland Hills I observed the following : — 
A boulder of mica slate, weighing eight or ten tons, on tbe east 
Md of Hare Hilh It reposes on the surface of the west side of 
)9ie glen x. Fig. 54, leading north from Habbie's How to Bevs- 
>tr, on a declivity, about eighty feet above the bottom. The near* 
rt spot from which this mass could be derived, is the portion of tbe 
irampians about Loch Venacheror l.och £arn, HOy miles distant ; 
Mit it may have come from Cantire, eighty miles westward, fcDin 
Vorfarshire seventy miles norrliward, or even from localities still 
n>re remote. Sncli travelled stones are found ull over northern 
I Sdrope, and the means by whi<;li tiiey arc transported have been 
; 'tte subject of much discussion. In some cases they might be 
hurled along by oceanic uurreiits ; but in others, where great 
irregularities of surface intervene, it is dilBcult to conceive that 
they could be carried i>y a stream of water. To explain the latter, 
the agency of icebergs has been resorted to. "Wo may suppoM, 
for instance, that when the low country from the Grampians to 
the Lammermuir Hills was still covered by the sea, the blocks in 
question bad beea locked in a naass of ioe, and floated from s 
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of the places named, by currents. Icebergs bearing large stoiie« 
with them, arc now ilril'ted in this way southward from Baffin' 
Bay, nearly as lar aa the Torrid Zone.* Further, this block tells u 
that the surface of the hillB where it now rests must have been ia 
different condition wheu iC was deposited. It lies on the side of » 
declivity, where a large^stone, either hurled liither by a ciurent or 
dropped from an iceberg:, would uoi stop, but roll down to the bot- 
tom of the valley. Tlie reasonable laferouce ia, that the valley be- 
tween Hare UiU and North Black Hill, was then filled with mate- 
rials, which have since been washed away- 
Half a mile loutb from this, three greenstone boulders, of two 
or three tons weight each, are lyin^ on the edge of a precipi<>ei 
about 200 feet above South Burn. These have certainly travelled 
some miles, and the bed of clay seen below them is no doubt a 
remnant of that which then filled up llie ravine, and prevented 
them from descending to the bottoni. 

On the east end of North Black Uill there is a sandstone boulder 
of eight tons weight. This block may not have travelled far ; but 
it rests on a surfaoe aa steep as the roof of a house, (inclined both 
above and below at 4^'',) and about 400 feet above the bottom of 
the valley. It is impossible that it could be dropped here, or 
brought to the spot by a current, without descending to the bot- 
tom, unless sustained in its place by matter since removed. This 
Bing'le block informs us, that the ravine, about 100 yards wide at 
the surface of the marsh wlilch separates Black Hill from Belld 
Hill, must then have been filled up with alluvial matter to tho 
height of 400 feet at least above its present bottom, which ia pro- 
hablj 50 feet above tlie true bottom in tlie rock. 

On the south declivity of Harbour Hill, about 300 feet above 
the level of the Compensation Pond, there is a very largo boulder 
of greenstone, weighing twelve or fourteen tons. The surface it 
rests on is not steep ; but the boulder must ha^e travelled many 
miles, for there is no greenstone of the kind in the hills, and none 
near them, except in situations dOO or 600 feet lower. This block 
has probably been transported in the some manner as the mass of 

The same remarks apply to a greenstone boulder lying half-a- 
tnile N. W. of Loganbouse, on the south side of Black Hill, about 
1400 feet above the sea. It is of twelvo or fourteen tons weight, 
and has been bored and blasted into three pieces. There are many 
i)1l]L>rs, in elevated situations, of three or four tons weight. The 
substance is generally greenstone, the least brittle probably of all 
rocks, and of course the best fitted to resist fracture. Nearly all 
tlie blocks have their angles rounded off. 
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On the banlta of Eight Mila Burn, in the low grouad, a masa of 

^ llluvium may be seen about lOD feet thick, containing hundreds of 

rtrap bonlders of all sizes up to ten tana weiglll. It consists of two 

r feeds — the older of a blue unctuous clay, the newer a. red clay ; and 

^tke large blocks are chiefly iu the latter. Tliero are many simiUr 

F'travelled blocks in the burn Sowing down from the Old Beservoir 

y fa BoDalley , and probably in all the streams of these hill*. 

Y Besides permanent currents in the ocean, there must have been 

rdmnporary currents of vast foreo produced by elevations of tha 

I'-Jand. Thns, let us suppose that while the Peutland and Ochii 

Willis -were both risiug, but still cliiefly nnder the water, the latter 

"^ere on one occasion upheaved twelve feet along their whole 

mgth, not instantaneously, but In the course of some hours. If 

fe call the breadth of the Ocliils fcmr miles, this elevation would 

(iBloclgB fifty milliona of cubic yards of water for every mile in the 

length of the hills, and this water would Sow off iu a series of 

Pbowerful surg'ea ; one-liolf, or twenty-Gvo millions of cubic yardsi 

PwoQld rush away to the south with the speed of an arrow. If tke 

E'iRiininits of the Pentlanda were then far below the surface of the 

1, the surges from the north would alfect them but little ; but if 

hhey wen) tlien at the Burfaee, or partially above it, breaches nngbt 

« made in the less tenacious rocks, aud much matter remttvotU* 

e effect of a series of suah upheavlnga, (iind there must hatfl 

ten many before the Ochils aaoendcd to their present altitude,] 

rauld of course be much greater. The raising of the PtMitlandi 

NTould operate reciprocally upon the Ochils. I select the Oehila 

bscausa they are of tile same geological age with the FentUnd*. 

Pt^ut though the Lammermuir Hills and ihe Grampians, were 

^sised above the se.-t at an earlier date, wo may very reasotiably 

inlievc that they did not attain their full elevation till Ihe sanie 

as begun, aud had gnno Aome length, in the Ocbib and 

hnilauds ; aiid«urrents produced by the upheaving of the older 

lUls might therefore operate upon the newer. As a prnof of suck 

Irrenta having existed, I would refer to the thousands of frag- 

ents of primary rocks found at the north side of [he Ochils, (on 

e Gleridcvon road for instance,) in tho deep beds of gravel then, 

I entirely wanting on (lieir south side. The Ochils had 

xddeotly served as a rampart to arrest the current which bore th«m 

'"Ijfis of the Grampiftus along. The groovings in Slirliug rock 

rm also to Indicate a current from the Grampians as their csnse. 

Perhaps such accidental currents, from tlie north p arliculnrly, 

Hiay have aided in excavating some nf the indentations and trana- 

Terse epenings iu tlio Fentkiids. And one fact deserves oolira in 



reference to this point, namely, tliat vast deposits of the gravel of 
the hills ure found on their south side, but none of any importance 
on the norlh. It is true tliat all the larger streams flan- to tba 
south, aud account for the effect so far ; but those streams did no^ J 
deuuile the flanks of Mcndick Hill, nor cut the passes at Bevelw 
and Craigintarrie. We have, however, no moans of aeparatii 
the eflecta of transient oceanic debacles from those of tidi 
permanent currents. 

Ekosios op Ritbb Beds The theory of lliivialile a 

in excavating tiie cavities in which stroani* liow, lias been beauti-^ 
fully developed in Kote 16 to Playfair'a Illustrations of the l£ul- 
tonian Theory. Hai[i water and melted snow must origin ally have 
lound their way from high ground to the sea, by rollowing Che na- 
tural depressions of the surface. "Where rocky barriers presented 
themselves, lakes vfould be formed, in whith the waters would ac- 
cumulate till they found a passage over the lowest part of the 
boundary. Where a. second and third cavity occurred, ihe waters 
would collect into a second und third lake, from each of which tlley 
would escape in the same way. River channels would thus consist - 
originally ofa chain of lakes and cataracts. The stream h 
once found a natural fissure or hollow, would pour through i 
cataract, which, aided by sand, gt'avel, and boulders, wutild gn 
dually scoop out the reck above, and undermine it below, and tbu J 
eat its way backward through die barrier, till the channel presented 
a pretty regular and uniform descent. To take a near exnmple, 
we may say that the dce;i ravine tinder Moray Place is the work 
of a cataract which began about Stockbridge, and cut its way west- 
ward to Bell's Mills, the whole cliannel being now rcilueed to a 
Kuccession of rapids, or petty falls of one or two inches in a yard. 
The ravine at Colintou was undoubtedly produced by anuthcr ca- 
taract, wliicli began about Slateforii. And before tho harriers at 
these places were pierced, the waters above inust have formed two 
lakes or wide expanses of a corrent proceeding from tiie west. 
The lower lake probably covered several square miles. The river 
St Lawrence in North America, with its chain of lakes, ofiers a 
good example of this species of action still in progreea. 

The cavities in which some rivers flow, apparently have either 
existed originally in the structure of (he rocky masses, or have been 
excavated by oceanic currents ; but there are others wiiose chan- 
nels wa may Sdfoly assert liave been cut out by the streams them- 
selves. Of this description Is Dean Burn, which flows from the 
Old Reservoir down la Bonalley. The bed of this stream is not 
like what we find at some parts of tho course of the Clyde and 
Tweed, a small gutter or groove in the middle of a wide valley, 
It is precisely such a channel as a mountain torrent of tho s' 
would cut for itself. Its margin is sharply defined; 
have that uuiform slope whicli the erosion of the st 




drfinile period, unassisted hj any other agCDt, -would ^re it : and 
the breadth and depth are proportioned to the size and rapidity of 
the current. In the upper part, where the declivity is Email, ihe 
bed ii shallow j as the descent increases the bed deepens; and the 
deepest part is exactly that where the torrent has most force. Wheo 
it reaches the plain, and the current relaxes, the high and steep 
banks no longer appear. On the other l^nd, the ravine of Lddy 
Bum, the north branch of Bonalley Bum, cannot be ascribed to the 
small EtreaiD which runs in its bollorn. Il consists of the angular 
opening formed by the projecting edges of two inclined beds of por- 
phyry, the upper one of which leaves a portion of the lower un- 
covered, (between /and p, Section VI.) This eavlly was probably 
filled at Srst by sedimentary roi^lis, (see Fig. 51, page 132,) which 
great currents had washed away, before the hills arose from the 
bosom of the ocean. A small portion of these rocks yet remains. 
Most of the Highland rivers with a north-east or south-weet course, 
such ui the Spey and Findhorii, run in similar valleys, formed by 
the unequal extension of the strata of gneiss. It is plain, loo, that 
Loganbouso Volley is not the worli of the burn, nor the ravines al 
the two ends of North Black Hill, nor of the Ecarcelj percqilible rills 
which flow in Ihem. All the^ must be ascribed either to original inO- 
qnalities or openings in the rocks, or to the action of oceanic cnr- 
rents.' The same remark applies to the valley between Blackford 
Hill and Braid Hill, to Glen Farg and Glen Devon in the Ochils, to 
the valleys in the Lammormulr chain, occupied by Lyne Water, Gala 
Water, and otlier streams. In Balemo Bum, on the other hand, we 
have a fine specimen of fluviatile erosion. It may be safely asserted 
tliat, from Balerno village to tlie eastern angle and a little above 
il, tlie whole ravine, a mile and a half in length, and from sixty ta 
one hundred feet deep, has been excavated by the small Gircam, 
aided of course by frosts, snows, and rains. Kenleith Bum, 
from the villnga down to Currie. is of the same description. The 
larger hollows in iho basin of Lync water in Pentland Hills, are 
certainly the work of oceanic currents ; but each of its branche* 
down to the feeblest has cut out a smaller channel for Itself- The 
narrow crooked ravine at Lyndale, wbicli is probably one hundred 
and fifty feet deep, is clearly llie work of the bnrnj and must have 
begun by a cataract about Linton village. The channel of the 
North Esk, where I have examined it, that is, irom Pennycuiek 
grounds to Carlopn, seems to me to be due to the action of the 
river. From Carlops down to the junction of Eight Mile Bum, 
the ground on the opposite sides is perfectly level and uniform. 
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Tlie channel of the stroara is a rut or groove, cut in beds of soft 
gamlstone, generally horizontal. The depth of this channel 
froDi one hundred to two hundred feet ; the breadtil from seven 
hundred to Jifteeu hundred ; and there Is no indication of ttq> 
action of a larger current than that vhich now Qnwi in it. Tti« 
interesting fact here, is the vast lapse of time required to enable a 
■mall ^treitra like the Esic to excavate such a ravine. An aged in- 
dividual who hail spent his life on its banks, would probably not 
be able, with the most careful observation, to detect, in the courM 
of tiftf years, the removalof five cubic yards of matter iu a space of 
oue hundred yards in length of the bed of the streaui : yet in that 
space, the ontire mass of matter removed since the river began to 
Sow, must be about nine bundrod thousand cubic yard^i. The 
lower course of the Eek I have not examined with sufficient 
to form any opinion as to the causes which cut out its bed. 

In conclusionj it may be remarked that the depth, breadth, 
form of the channels of rivers depend clLiefly on three circumstance*. 

1. The volume of water and the rapidity of its descent. 

2. The hardness or softness of the rocks. 

3. Tile position of these rocks in reference to the stream 
Channels cut right across incliiied strata, are generally 

andjsteep in the sides. Channels cut lengthways on inclined 
strata, operate witli greater effect on their edges than their sides, 
A stream, fur instance, flowing northward along beds dipping to 
the east, will cat its way gradually more and more to the right, or 
dip of the rocks. If it linds a liaril stratum with softer strata above 
it, the more rapid erosion of the latter will carry the stream far to 
the eastward, and the result will be a very broad channel with a 
bottom inciiued to the east, across the stream. Many examples 
occur in the Pentland HUls, where, in burns haviug an east or ■ 
west course, the south bank is generally much steeper than ths 

Cause of Phenomena of Ckau-ans-Tau. If there has tMen 

a good deal of dcniiilation on the east side of Scotland, tliere hat 
been much more on t)ie west. The absence of sand-bunks on tho 
west coast ; tho greater depth of tlie ocean there ; the nurocraus 
and profound indentations of the land in the shape of bays, 
estuaries, and lakes i tho rocky islands which bail oiicq beun parti 
of the mainland ; the removal of so large a part of tlie red sand- 
stone of Ross and Sutherland, which had once covered a hundrad 
miles of the western c^ast to llie depth of two or three thousand, 
feet, and is now reduced to a few isolated cones — all these facte, with, 
tho familiar examples of crag and tail, iuillcate that tiie surface of ^ 
Scotland has been swept by powerful denuding currents comings 
frnm tlie weit. Tho west coast of England and Ireland also ' ' 
bits deep indentations in high rocky land. We find the sum 
pearances in a less marked degree on tlie coast of Normandy uiA, 
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Briltanj in Traace, aad on a xtill smaller ccale npoo Ihe west 
cDUli uf Spain and PortngaL Tbe west coast of Nontay is one 
longlJneofiilaniU, promonCorie-i, and deep fiords, sfaoiriiig that the 
primary rocks, in spite of their bartlness, have been breaclied tn a 
thousand -places by powerful cturenfs. The western coasts of 
Denmark, Holland, and Belgium, having the British lales before 
them aa a breakwater, have few indentations except where Ijud 
■open by the rivers. An effect so general should have a general 
^'"luuo ; arid, perhaps, physical get^sphy may afford a cl'iu to it. 
f the land rose in detaclied portions, and bj successive lii>s from 
a leo, wc may suppose that there was a time when the surface of 
B globe consisted of a great cxpanu of ocean, studded with 
Such Adolphe Brongniart tupposca its condition to ha*« 
rt least In Europe, when tlie coal measures were deposited. 
Bn this statu of things there would be three great and constant cur- 
Kunt^ — one witliin the tropics running westward ; and two muBing 
B;M«tward bclweuu ihe tropics and tlie jKiles. The trade wind in 
Tilhe torrid zone, and the prevalent westerly winds iu tbe exlra-tro- 
L.]rical regions, would alone account for these currents. Bot to 
Aese cauws roust he added the southward course of an under 
it from (he pole, of cold water, with a low velocity of revolu- 
|on, and the northward course of an upper current from tho 
tquator, of weeTn water, with 3 high Telocity of revolution. The 
It would became a westerly current when it reached the tropic, 
ind the second an easterly current when it reached the temperate 
:h would be the state of an open ocean from the equaior 
1 the north pole, and, miitatii mutandis, the same description 
tplics to the southern hemisphere. All the three currents, in 
oth, exist at this day, but enfeebled and metamorphosed bj tbe 
ansverse position of the two great continents. Now, if these cnr- 
mts wore acting' permaoentlj-, and with the force which they 
would have if little obstructed, their operation when tracts of land 
'"""o above the sea would be ttiis. Tliey would form deep inUen- 
the ea»t aide of intertropical, and on the iceil tide of 
IStrstropical lands ; and when auling in very favourable cir- 
f, wonid form islands, by making breaches through 
MntinentN, or separating their prominent parts. Tiie boundary 
Iwtwcen the opposite currents would he bMween the latitudes of 
^SSP and 20°, where a zone of still water would exist, and their 
n effect would be near the equator, and within the polar 
Aoircie. Wlien the land was rising, and near the surface of the 
water, or partially above it, the currents would produce the phe- 
nomena of Crag-and-Tail. The crag or head would point to the 
east within the tropics, and to the west in the temperate and polar 
regions. The current would, of course, not flow invariably in one 
preclsa direction, but be occasionally di>tiected by high lands to Ihe 
north or soiitli of its true direction. Vfa must keep in mind, also. 
that though not, perhaps, very strong, it would bi 
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that transitory storms and hurricanes would generally incorpo- 
rate themselves with it, and augment its force. A temporary cur- 
rent evidently would not explain the facts. If the same agent 
swept away the solid rocks which once environed and covered 
Arthur's Seat and North Berwick Law, and also deposited the 
tail of clay and gravel lying behind these mountains, it must have 
acted for thousands of years. But it is more probable that there 
were two or more currents at distant epochs. Perhaps New 
Holland, New Guinea, Borneo, the Philippines, and Spice Islands, 
may be the remnants of what was once the southern prolongation 
of the Asiatic continent, and which had been breached and 
divided by the tropical current, before Africa and South America 
rose from the deep to arrest its free^course. This idea, however, 
is thrown out merely as a conjecture on a subject requiring much 
additional investigation. 




i RISE IN THE BED OF THE FORTH. 

Thekb is satisfactory evidence to prove that the bed of Qm 
Firtb of Forthi and tfae land on both sidea of it, bave been raised 
twenty feet or more, at na epoch which, thongh very recent gvolo- 
giciUly speaking, is probably long anterior to the records of his- 

My attention was first drawn to this subject in October 1934, by 
my fi^end Mr Jariiine, civil engineer, who met with a bed of 
oyster-shells ia opening the soil between Leiih and the Figgate 
Whins, for the Branch Railway. Having called my attention to 
the geological importance of ihe fact, I visilcd the spot in com- 
pany witli liim, and published a few observations on the Bul^ect at 
the lime.* 

The oystcr-shrils extended over a considerable space along thft 
line of the Railway, but tliey were in greatest abundance near the 
mouth of the Foul Burn, about half a mile east of Sealield Baths. 
The soil consists of sea sand and fine gravel, to the dt-ptli of five or 
six feet, in pretty regular layers, covered by vegetable earth, and 
resting on the stifi* old blue clay seen here, at many pointa on 
the shore. The shells were amongst the fine gravel, about one 
foot, or a little more, under the vegetable soil. They lay pretty 
close together, and were so numerous, that probably a thousand 
might be found nilhin a space three or four yards square. Mr Jar- 
dine observed the two valves ot the shell in some few eases together. 



in their natural 



: bat in general they v 



e separate, . 



they were sometimes broken, though more commonly eiieh half w 
entire, or only reduced in size hj Ihe lamiiix of which it is com- 

Eoaed scaling off. They were of all sizes, up to five incbei in 
readth. Along with ihem, I found a few specimens of the Buc- 
cinom (Hucky) three inches long ; a few of tlie Cardium £dul« 
(Cockle,) and of the Pectcn ; rather more of the Polella (Limpet ;) 
and considerable numbers of th« Turbo of various sizes. All thes* 
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shells are identical with species found lu the waters of the Forth, 
and live generally at a depth varying from sii to len fathoms." I 
saw no specimens of the Mussel, wliich ii a littoral shell, living be- 
tween high and low water. 

The stratum of gravel in which the sheila were chiefly found, 
was from six to eight feet above the highest spring tides, and about 
twenty-sis or twenty-eight feet above the lowest level of low water. 
Now, oyster-beds are found at all depths to 100 feet, hut never, I 
believe, in spots left dry by the ebb tide. The oyster-shells in the 
gravel were therefore about thirty feet above the level where the 
fish now lives, and the same remark applies to most of the shells 
found along with them ; while the mussel, which is absent from the 
deposit, has its abode between high and low water. 

In passing eastward along the line of the Iwach, where tlie stiff 
blue clay is exposed by the action of the tide, the oyster-Eliellswere 
seen thinly distributed above the clay, and covered by two, Ilircc, 
or four feet of sand, but still abont t!be same height above the sea. 
They were also seen in a ditch on the south aide of the road, 50 or 
100 feet liaclt from the present beacL, and in all probability two or 
three hundred feet from the line of the beach some centuries ago; 
for a portion of the soil here is annually cut away by the waves. 

In an opening of the soil opposite the Chain Pier, more than two 
miles to the westward, I found at the same time a layer of shells 
about a hundred feet from tho beach, and nearly at the same level 
with those at Foul Burn. They belong almost entirely to tbi 
gcnuB Turbo, with sand or line gravel above and below, and lay si 
close as to form almost a conlinuous stratum : a few of the gcnen 
Cardium and Patella were interraixed.f 

Whoever has passed along the shore westward by Newhaven an( 
Trinity, ^tnust have observed a small bank or acclivity, running ' 
nearly parallel to the beach, at the distance of sometimes 100 feet, 
sometimes a quarter of a mile inland. It seldom presents a gentle ' 
inclination, but in general rises sharply and suddenly, with a round- 
ed outline, to a height varying from fifteen feet to sixty or eighty. 
It is divided from the sea by a narrow stripe of ground with a re- 
markable level surface, rising from four to fifteen feet above high 
water. Except at a few places where tiie rock crops out, this low 
plain consists of sea sand and fine gravel, or of stiff blue clay, with \ 
a covering of sand, one, two, or more feet thick. It is in I' ' 
vering of sand that the deposits of marine shells are found. 
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Tliis acclivity I have traced aloog the whole coast from Korth 
Berwick to the mouth of the Avon, aiid from Crail to Crombie 
Point, (tho western limit of my journeys,) except at a few spota, 
Buch a£ Porlobello and Dirleton, where the land rises so graduall]' 
from the shore that the sea, wbon higher, would merely push its 
sLir§;esfartherinlaDdwithoutbreELchiDg the surface. Even if no shells 
had been found at a higher level than the water now attains, this 
well-marked acclivity might have beeu received as decisive evi- 
deucc of the land being rdseJ, or the sea having receded. It pre- 
sents itself in various forms, of which the diagrams below will 
convey an idea. 

Fig. BX. 



Fig. A. Where the land has been labonredi or is Tery loose, the 
acclivity ha* this form, as near Carolina Park, and eastward of Sea- 
Held. Here c, the ancient sea-clifi*, slopes gradually down to i, 
the ancient beach or sea bottom, on which the deposits of shells 
are found, and a is the present s]iore, rising five or six feet above 
high water. 

Fig. B. Here the ancient sea-cliff, e, rises abniptly from h, the 
ancient bottom, which is oflen a. dead level. In this case, c is eitUer 
(if the old stiff diluvium, or of rock. We have an example of the 
former at Trinity, where the acclivity, though not so sharp as in the 
Figure, is toosteep for cultivBtion,aiid where the diluvium is now well 
exposedintheopeningraadefortheBailway. Thebreachmadebythe 
sea close to the Battery, where the diluvium presents a mural 
front, shows what the old acclivity originally was. From a point 
near Hopetoun, to the mouth of the Avon, we have specimens of the 
■harp cut sea-cliff in all its varieties, and of all heights from 30 to 
I'JU feet. Bridgeness and BorrowEtoiiess stand on the ancient 
beach, very little above the level of high water, and the bare escarp- 
ment of rock, 100 feet high behind them, is the ancient sea-cliff; 
and though it has beeu partially quarried, it is probable that 
the caves and recesses seen at some parts are the work of tbe sea. 

Fig. 83. 
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Vig. C. In some cases we have the ancient litlul acHon finely 
hibitsd by an isolated crag x, projec ting from the slajiing surface of 
a field. There is an example at the east cii<! uf t!ie village uf 
Limekilns. The ground falls toward the sci with a very genile in- 
elination ; the subsoil consists of soft shate, whi<:h whs cut awav by 
the water with ease; but in the middle of it wiis a bed or mass of hard 
Bundstone, upon which the fury of the waves produced niucli less 
effect, and which now stands out in relief, bearing witneas to the da- 
itructire action of the tide upon tho BoFler rocks around it. 
about 200 feet back from tho present lino of the ah ore, and the low. 
est part of it is probably Bfteen feet above high water. 

Fig- D. lu other cases the oM sisu-cliff is precisely a. copy of tliq 
modern one. At a place westward from Roeyth Castle, we haT% 
for the space of a furlong, a pretty firm sandstone, z, two or thre9 
yards thick, which is washed by the high tide. It is covered by a- 
bod of shnle, above which is another bed of sandstone, y, like iha 
first. The second bed of sandstone ei:htbits the same watcr-wol^ 
front as the other, runs parallel to it at the distunce of from furtfi 
to one hundred feet, and is divided fVom it by a stripe of graasf 
■oil, which the ancient tide, by washing away the shale, had worn 
down to a moderate declivity, preciEely similar to the present 
beach. We have, in short, the ancient saa-cliff y, the counterpart 
of z, and the ancient beach A, tho counterpart of the modern beach 
at I, when the tide leaves it dry. 

Fig. 90.S 



I 
I 




Figs. E, F. (In these two figures, E is a ground plan, and F a 
tertion of the same objects.) At a promontory which forms the west 
point of thebayDfElle,inFife,thcre is a bed of columnar greenstone, 
a, 6, e, (Fig. E,) in which the tide has hollowed out a cavity e, like 
Hn arm-chair with solid sides. Just above it there is a cavity d uf 
the same breadth, and precisely similar in all respects, except that 
its bottom is some yards higher, and it is dry, because it is above 
the level of tho tido. Fig. F, represents a section along the line a, 
d, e, f, in which rf e is tho ancient cavity, and e / the modem. 
If the position of the rock had been remote firom the eea, we should 
have been puzzled to account for the curious recess d: but the 
enigma is solved at once when we find the tide playing in the simi- 
lar recess e f, a. few yards lower, and extrar;ting column after 
column, by tho same process which has hollowed out Fing«rB cave 



Ijii SUffa. We see the ag-ent a.t vork, and can easily coiiipreb«id 
^^ut when Ihc tide rose twentj feet higher, its excavating |>awer 
^ould operate at d, precisely as it now does at e. 

'' aiit be kept in mind that what have been described are not 

_ tieDomena, met with at distant intervals. Rounded declin- 

iB as shown ia A, or sharp precipices as in B, or projecting rocks 

. ir excavated recesses as in E, present themseWes 

11 almost unbroken line along the shores of the Firth ; moreaver, 

f occur onlj at places a feir yards above the tide level ; and 

m we pass iuland along the rising surface of the country, lo a 

■eight exceeding fifteen or twenty yards, they^disappcar. 

The resemblance between the ancient and the naoilem beach 
lay be traced still farther. The sea is continually encroaching 
the coast wherever it presents a mural front. The action of the 
» undermines the sleep bank ; the clay ia broken down, and 
_ ^uhed away : and the large travelled boulders inclosed in it, are 
rnrewed over the new bottom. A necessary consequence of this is, 
I'ttiat the stones, thinly disseminated through six or eight feet of 
1 day, when all collected on one level, seem much more crowded, as 
V they are really much nearer one another. Now, on examiniag the 

' ' ■ -' E mouth of the Foul Bum, it will be seen 

corresponds with the modem in this pir- 



I tertical clay bank a 

I ihat the ancient bottom c 

t ticular also. 
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In this section, (at right 

angles to the coast line,) o u 

the bed of stiff clay, with 

large rounded stones thinly 

disseminated through it, and 

presenting a mural front to 

V the sea, of which w u the 

surface at high water ; p u 

^ a layer of the same sort of 

Jrouddc'd stones resting on the upper surface of the clay, and 

plying much closer together than the embedded atones ; q, beds of 

I sea-sand and Hno gravd, with oyster and other shells in it ; r, a 

bed of turf or vegetable soil, balf a foot thick ; i, a bed of drift 

sand without sheUs, from a few inches to two or three feet in 

thickness ; t, a second stratum o( turf, forming the present surface 

of the low plain ; u, the remains of the bed of clay on the beach, 

i>nco as Iiigli as at o ; v, the boulders washed out of that portion of 

the clay which has Iwen swept off, lying thickly together, and 

formiog the counterpart of tlio layer alp. We see that the layer 

of boulders on the boach at v, are the spoils of the present sea-cUff 

1 ; and it is curious that we find a similar layer p on the ancient 

boach, proving that the same -work of destruction went ou nt i> 

higher level. At other points of the coast, a bed of sand is found 
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abOTc ti, covering the boulders, as the bed q covers the bonldcre at 
p. This curious feature of rosemblance betwixt the ancient and 
the modern shore, was pointed out to mo by Mr Jardioc. The 
presence of two beds of turf is probably accidental, as the rivulet 
called Foul Bum is impregnated with manure, and produces grass 
where it would not grow without such irrigation. 

At Kinneil, three miles westward of Darrowstoness, there is a 
well-known large bed of oyster shells, which I have vbited several 
times. They lie conformably on a declivity, about half a mile 
A*om the present shore, and thirty-six or thirty-eight feet above 
the high water level. They are seen under a garden fence along 
a space of twenty or thirty feet. The visible part of the bed i( 
about three feet thick, aud the shells are regularly disposed on th^ I 
aides, resting on one another, with very little sand or soil interren. I 
ing. A bed of sea shells was fonnd by Mr Hamilton, from five to 
fourteen feet above high water, about two miles eastward of Elie.* 
A friend of mino recently found a similar deposit at Blackness 
(fourteen miles west from Edinburgh,^ about six feet above high- 
water ; aud at various points between Charleston and Aberdour I 
observed camminuled shells, mixed with a few entire ones, forming 
ji large proportion of the soil, from the high tide mark up to thu 
height of eight or ten feet above it. 

The skeleton of a whale, pretty entire, was found a few years 
ago at Airthry, about two milca north-east of Stirling. It was 
embedded in a fine clay, about twenty feet above the level of tha 
highest tides. About seven miles farther west, near the head of 
Blair-Drummond Moss, part of the skeleton of another whale wu 
found resting on peat, covered by the fine clay called the Cane 
clay, and which, in its turn, was covered by peat-moss. At various 
parts of the Carse of Stirling aud Falkirk, also, sea shells are found 
in the Goil.-)- 

These various facts clearly show, that either the land has risen, 
or the sea has subsided. Bnt a subsidence of the sea, if It takes 
place, must be universal and every whore equal ; and since this i« 
inconsistent with what is known of other conntries, tlie only admiii- 
sible conclusion is, tliat the bed of the Forth, and the laud on both 
sides of it, have been elevated. Tlie position of the oyster bed at 
Seafield implies a chengo of level of not leas than 30 feet ; and 
from ohserviug the heights at which tidal action is visible on the 
ancient coast line, I am led to think that a rise of 30 or 35 feet is 
most consistent with the phenomena generally. The head of th« 
oyster bed at Kinneil is nearly 40 feet above the ssa ; and if the 
difference between high and low water was as great at tlie ancient 
epoch as now, this indicates a rise of not less than 60 feet, but 
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wbicb may be twice as much. The other facte appear to be at 
variance willi the supposition of bo great a change ; ami it seeniB 
tiiercfore probable that the remarkable elevation here was the coii- 
aequence (if a dislocation, and merelj loea!. In the conl-fields there 
&re often several faults ivithin the space of a mile ; and there is 
nothing unreasonable in assuming that more than nne maf have 
been prodaced in the 20 miles betncen I.tith and Kiniieil, evea 
sLibsi-quent to the comparatively recent epoch at which the eleva- 
tion took plaoe. This oonjecmro derives sonio confirmation from 
the form of tbe ground. A long; elevated tract, consisting of sand- 
stone and shale, rising to the height of 150 or 2U0 feet above ths 
aea, skirts the shore here, and terminates at the mouth of the Avon, 
where the oyster bed is found. The land immedialcly to the west- 
ward, sinks down 100 feet at once. The sudden change may be 
partly owing to a dislocation ; and it is probable that the Avon 
runs In liie fissure which divides tlie raised beds from the depressed. 
If tlie caves in the sandatone uliffs behind Bnrrowstonesa are the 
work of the aea, it must certainly have stood at a iiigher level than 
tile present by liO or 70 feet. 

At places where (he beach rose very gntdnnlly, the sea, when it 
recmled, would leave a tract of sand. This hiw been the case at 
Dirleton, where the soil for half a mile inland is covered with it. 
The wind, acting ou tfais loose substance fur ages, has blown it 
into some hundreds of hillocks, of various heights from iix feet to 
thirty. The lower part of Go-olan Links consists also of sand ; 
and thero are many other places similarly circumstanrrd. 

When the sea stood 35 feet higher than at present, it must hare 

covered tike site of South Leith entirely, ascending as far as Spring- 

^ald Foundery and Bonington Toll, and along Ihe water-course to a 

— ^int near Stockbridge. It wonld form here a narrow hay or inle^ 

1mut two miles long and a quarter of a mile broad ; and it wa* 

erhapa by tlie action of its tides that the thick bed of sand, of 

Aicb portions are seen at CunonmilU, in Warriiton gronnds, at 

'le old Botanic Garden, and elsHwhero, was divided anil broken up. 

Marks of a siniihir changp are niinierons on the west coast of 

^^otland. On the shores of Arran I found almost every where nn 

^jUcient beach, in the shape of a low platform, fmm two to eight 

It above high water, and fn>iB one or two yards to a Airlong in 

'■' Behind it is eilhera pretty steep acclivity, or a vertical 

p'precipice. Cavet have been hollowed out by the ancient tide in 

lotiie precipice, to the height of 30 or 35 feet above the present high- 

[ I prater mark. Some of these caves recede 30 or 40 fuot inward 

1 1 from the front of the rock above, and are occasionally used as sheds 

[i|o protect carts and ploughs from the weather. Their original 

position was probably between high and low water; and chi aflj 

on tills ground I estimated the eliivation of the laud there a 

feet, 




SiNCB the precpiling article was written, an eluborate and able | 
paper on the subject haa been published by Mr Smith of Jordan- 
hill, in the Eiiiaburgh PliUosophiual Journal for October 1838. 
In this paper, besides stating the reeults of his awn researches, 
he has uuited a vast number of scattered notices respecting changes 
in the relative levels of sea and land, a^d neighed the results 
with great care. He has found, among 180 species of fossil shells, 
14 which appear now to be extinct, and which therefore indicate 
an apjiareiit change in this department of organic life since the 
bed of tho sea was raised. The paper ia highly interesting. 



Correction of Section XI. of Pentland BSlt. 



OwisG to an inadvcrCency in copying a faulty sketch taken 
in early journey, the north end of this section is incorrectly delineaU 
;d. It should have been as in the diagram below. 




I 



The letters e,/, 17, represent the obji 



AV, Is the north end of the West Cairn Hill. 

X, Is a slip or dislocation which was inadvertently omitted in tha 
section. This slip is not actually visible) but an examination of th» 
g-round in the bum which flows down from Caldstane Slap, and in 
CoUium Burn, convinced me of its existence. 
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